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H.1 Introduction 

This Attachment H has been prepared in support of an application (Application) by Curis Resources 
(Arizona) Inc. (Curis Arizona) to the United States Environmental Protection Agency (USEPA) to transfer, 
with amendments, Underground Injection Control Class III (Area) Permit No. AZ396000001 (UIC Permit) 
from Florence Copper Inc. (Florence Copper) to Curis Arizona.   

As required for Attachment H under USEPA Form 7520-6, this attachment includes information regarding 
proposed operating data for all injection and recovery wells at the Curis Arizona Florence Copper Project 
(FCP) site.  This attachment provides background information and data in the order that it is requested in the 
instructions for Attachment H.  The requested information includes:  

• Average and maximum daily rate and volume of fluids to be injected; 
• Average and maximum injection pressures; 
• Nature of the annulus fluid; and  
• A qualitative analysis and ranges in concentrations of all constituents of injected fluids. 

H.2 Background 

Curis Arizona is proposing to develop an in-situ copper recovery (ISCR) facility at the FCP that will consist, in 
part, of a closely spaced array of Class III injection wells and recovery wells.   

The proposed ISCR area is approximately 212 acres in size.  For planning purposes, the area has been divided 
into resource blocks that are approximately 500 feet by 500 feet.  Each resource block is expected to include 
approximately 60 injection and recovery wells.  Approximately eight to ten resource blocks will be joined to 
form operational units.  Each operational unit will be sized to produce pregnant leach solution (PLS) at a rate 
equal to the nominal design capacity of 11,000 gallons per minute (gpm) of the planned solvent 
extraction/electrowinning (SX/EW) plant.  Operational units will be taken off line and closed as the copper 
concentration drops below economically viable levels.  To provide a consistent PLS flow to the SX/EW plant 
during the approximate 20-year life of the FCP, operational units will be sequentially developed, operated, 
and closed.  As part of that process, approximately 2,500 wells will be sequentially installed, operated, and 
closed.   

The UIC Permit authorizes injection and recovery operations in the oxide zone, the upper portion of the 
bedrock underlying the ISCR area.  The top of the oxide zone is between approximately 375 and 1,200 feet 
below ground surface.  It ranges in thickness from approximately 140 to 900 feet, with an average thickness 
of approximately 400 feet.  To prevent vertical excursion of injected fluids, the uppermost 40 feet of the 
oxide zone will be excluded from injection.  Consequently, the injection wells constructed at the FCP site will 
have injection intervals ranging in length from 100 to 860 feet, with a typical injection interval of 360 feet.  
Curis Arizona may choose to divide the injection interval for some wells into multiple intervals to focus 
injection into targeted areas of the thicker portions of the oxide zone.  

H.3 Rate and Volume of Fluids to be Injected 

Aggregate injection and recovery rates in the ISCR area will be carefully balanced to ensure that hydraulic 
control will be maintained throughout the portions of the oxide zone in which injection and recovery is 
occurring from the time that injection begins until the operational unit is closed in accordance with the 
requirements of the UIC Permit.   

For each well, the rate and daily volume of fluids injected will vary based on the length of the injection 
interval and the capacity of the oxide zone to transmit fluids at each well site.  Because the oxide zone varies 
in thickness, the length of the injection interval in each well will vary accordingly.  The rate of fluid injection 
in wells with longer injection intervals will need to be greater than the rate in wells with shorter injection 
intervals to maintain a consistent rate of flow through the oxide zone on a per-foot of thickness basis to 
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achieve a target PLS grade.  To maintain PLS grade, injection rates in all wells must be proportionate to the 
length of the injection interval.  Curis Arizona proposes an average injection rate of approximately 
0.15 gallons per minute per foot (gpm/ft) of injection interval, and a maximum injection rate of 
approximately 0.20 gpm/ft of injection interval.    

Some wells may be constructed with multiple injection intervals separated by sections of blank well casing 
that will allow packer assemblies to be used to focus injection into targeted areas of the broader injection 
zone.  

Table H-1 lists example injection rates and the resulting daily total fluid volumes derived using these rates. 

H.4 Average and Maximum Injection Pressure 

Each proposed injection and recovery well will be completed to Class III injection well standards and 
individually adjusted for the depth, thickness, and hydraulic characteristics of the portion of the oxide zone 
penetrated by the well.  Because injection pressures are calculated based on the distance from the top of the 
well casing to the top of the injection interval, variations in well construction depths will in turn result in 
variation of the average and maximum injection pressures at each well.  The calculated average and maximum 
injection pressures, therefore, will be specific to each of the planned wells.  Each well will be constructed to 
ensure that the injection interval is at least 40 feet below the top of the oxide zone, but spans the remainder 
of the oxide zone below.  Because the precise location of each well has not yet been determined, individual 
well completion characteristics have not been developed; consequently average and maximum injection 
pressures that are specific to each well cannot be calculated at this time.  Instead, a range of calculated 
injection pressures have been calculated and are presented herein, based on representative depths of injection 
intervals and actual site geologic characteristics.   

Typical wells may include one or more injection intervals ranging in length between 100 and 860 feet.  In 
accordance with the UIC Permit, the injection pressures presented herein are calculated by multiplying the 
depth from the top of well casing to top of the injection interval by a pre-determined factor that is designed 
to moderate injection pressures and prevent hydraulic fracturing of the formation. 

H.4.1 Average Injection Pressure 

Average injection pressures are calculated as a function of the dynamic elevation of the column of injectate 
standing above the top of the injection interval during ISCR operations.  For the purposes of estimating the 
average injection pressure, it is assumed that the dynamic elevation of the injected fluid is equal to the 
elevation of the well head, and that no additional mechanical pressure is applied. 

Typical groundwater will exert a pressure equivalent to 0.43 psi/ft of depth.  Although composed primarily of 
water, injectate also includes sulfuric acid and dissolved minerals that will increase the density by an estimated 
5 percent.  Thus, the injectate solution is estimated to exert a pressure equal to approximately 0.45 psi/ft of 
depth.  This is the value used to calculate the average injection pressures at the top of each injection interval.  

Average injection pressures are calculated by multiplying the depth to the top of the injection interval from 
the top of well casing by 0.45 psi/ft.  This method reflects a well head pressure that is equal to atmospheric 
pressure, while the well casing is flooded with injectate.  The pressure generated at the top of the injection 
interval results solely from the weight of the column of injectate with no additional mechanical pressure 
applied.  Examples of average injection pressures at selected depths representative of the top of potential 
injection intervals are included in Table H-2.  

H.4.2 Maximum Injection Pressure 

Formation testing conducted in 1995 by the initial permittee, BHP Copper Inc. (BHP Copper), determined a 
minimum fracture gradient of approximately 0.71 psi/ft for rock within the oxide zone.  To ensure that 
injection pressures did not induce additional fracturing of the oxide zone, the UIC Permit established a 
fracture gradient limit of 0.65 psi/ft.  Curis Arizona proposes to use the 0.65 psi/ft fracture gradient to 
determine the maximum injection pressure for each injection interval.   
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Maximum injection pressures are determined by multiplying the fracture gradient limit (0.65 psi/ft) by the 
depth from the top of well casing to the top of the injection interval.  This method of calculating maximum 
injection pressures reflects the pressure generated by the weight of the column of raffinate and an additional 
pressure applied by mechanical means to achieve the maximum allowable injection pressure at depth. 

As described above, packer assemblies may be used to focus injection in targeted areas of the broader 
injection zone.  Because operational injection pressures are calculated to the top of each injection interval, the 
length of the interval does not affect the calculated injection pressures.  Consequently, if multiple injection 
intervals are used, the injection pressure will be calculated at the top of the each interval.   

Example average and maximum injection pressures at selected depths representing the top of potential 
injection intervals and the corresponding maximum well head pressures are included in Table H-2.  

H.5 Nature of the Annulus Fluid 

Annulus fluid is the fluid that exists between the injection pipe and the interior of the well casing.  Over the 
operational life of a Class III injection well at the FCP site, the nature of the annulus fluid in a given well will 
vary between native groundwater from the oxide zone, injectate solution, and PLS.  The estimated 
composition of native groundwater and the forecast compositions of injectate solution, described as raffinate, 
and pre-stacked PLS are presented in Exhibit H-1.  Exhibit H-1 is discussed further in Section H.6.   

H.5.1 Injection 

The proposed Class III injection wells may be operated in one of two modes:  pressurized at the well head 
with an injection pipe and packer assembly, or under atmospheric well head pressures with only an injection 
pipe.  The nature of the annulus fluid under each of these injection conditions is described below. 

H.5.1.1 Pressurized Injection 

Under pressurized operation, an injection pipe and packer assembly will be used to isolate and focus injection 
into a targeted injection interval.  The packer assembly will include packer(s) placed at the top and bottom (if 
required) of the injection interval.  For new wells, the well will contain only native groundwater and when the 
packer assembly is inflated, native groundwater will be trapped in the annulus above the uppermost packer. 

After operations have commenced, the packer assembly may periodically be deflated so the assembly can be 
moved between injection intervals within the injection zone.  Deflation and moving of the packer assembly 
will result in incidental mixing of the native groundwater from the oxide zone, initially trapped above the 
uppermost packer with the injectate, with injectate solution until eventually the composition of the annulus 
fluid reflects injectate solution. 

H.5.1.2 Injection at Atmospheric Well Head Pressures 

Under atmospheric well head pressure, injectate solution will be introduced with an injection pipe that 
discharges below the static fluid level in the well.  Groundwater will not be isolated above a packer assembly.  
Operation under atmospheric well head pressure will flood the annulus with injectate solution for the entire 
length of the well at the commencement of operations and will maintain that condition throughout the period 
of injection. 

H.5.2 Recovery 

All wells used for recovering PLS will be constructed to Class III well standards, to allow them to be switched 
from recovery to injection, and vice versa, providing a degree of operational flexibility.  Annulus fluid within 
new recovery wells will initially be oxide zone groundwater.  As injection begins and fluids are recovered from 
the injection zone and pumped back to the surface, the annulus of the recovery wells will be flooded with 
PLS at atmospheric pressure. 
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H.6 Qualitative Analysis of Constituents in Injected Fluid 

Monitoring of injected fluid is required by 40 Code of Federal Regulations (CFR) 146.33(b)(1) at a sufficient 
frequency to yield representative data of the fluid’s characteristics.  Permittees are required by 
40 CFR 146.34(a)(7)(iii) to provide a qualitative analysis and ranges of concentrations of all constituents in the 
injected fluids.  A new analysis is required by 40 CFR 146.33(b)(1) whenever the injected fluid is modified to 
the extent that the existing data is incomplete or incorrect, and the new data must be submitted pursuant to 
40 CFR 146.34(a)(7)(iii).   

Part II.E.4 of the UIC Permit authorizes the injection of fresh water, solutions of sodium carbonate or other 
neutralizing agents, and injectate used to dissolve copper.  The injectate solution will be generated on-site 
starting with the commencement of ISCR operations.  The initial injectate solution will be composed of water 
and sulfuric acid, and can be considered an “immature” solution.  Once this solution has been circulated 
through the oxide zone and recovered as PLS, and the copper has been recovered from the solution by the 
SX/EW process, the solution will be re-acidified and re-injected.   

Alternatively, depending on the copper concentration of the PLS recovered from the oxide zone, it may be 
re-acidified and re-injected (a process referred to as “stacking”) without recovering the copper by SX/EW.  
With each injection and recovery cycle, the solution will accumulate constituents dissolved from the oxide 
zone.  A “mature” injectate solution is one that has been acidified and circulated through the oxide zone and 
SX/EW process a sufficient number of times to reach equilibrium concentrations of dissolved constituents.  
The injectate solution will be recycled for the duration of ISCR operations. 

The typical concentrations of dissolved constituents that will occur in the mature injectate solution during 
commercial operations can only be estimated at this time because it can only be derived from injection and 
recovery of an acidified solution though the oxide zone at a scale and duration representative of commercial 
production, and no injection and recovery has yet been conducted at that scale or duration.  

H.6.1 Injectate Solution Composition 

Injected fluids are referred to as injectate or raffinate in the UIC Permit.  However, Curis Arizona proposes 
that “injectate solution” be used to refer to the fluid (or solution) prepared for injection and “raffinate” be 
used to refer to PLS after it has been processed in the SX/EW plant.  The composition and constituent 
concentrations of PLS and raffinate are similar except that the SX/EW process removes approximately 
90 percent of the copper from the PLS and causes a downward shift in pH.  Curis Arizona bases its proposal 
on the recognition that the “barren” PLS (or raffinate) exiting the SX/EW plant may need to be treated 
before it is ready for re-injection.  Thus, “injectate solution” is proposed to distinguish between the solution 
that is ready for re-injection and the barren PLS solution, or raffinate, that has exited the SX/EW plant but 
has not been prepared for re-injection.   

Organic constituents in in-situ solutions result from the contact of PLS with organic process chemicals in the 
SX/EW plant.  Part II.E.4 – Injection Fluid Limitation of the UIC Permit limits the total concentration of 
organic constituents in the injectate solution to 10 milligrams per liter (mg/L).  The organic constituents are 
identified in Part II.F.8(a).  They are total organics (assumed to mean total petroleum hydrocarbons, diesel 
[TPH-diesel]), benzene, toluene, ethylbenzene, total xylenes, naphthalene, and octane.  The composition of 
the organic compounds in the injectate solutions can be controlled by specifying the quality of process 
chemicals purchased.  Their concentrations can be controlled by the equipment process controls and the 
protocols for the SX/EW plant and mixing facilities. 

Inorganic constituents in the in-situ solutions are a product of both process chemicals as well as chemical 
reactions resulting from the interaction of injectate solutions with the host rock of the oxide one during ISCR 
operations.  They will be variable in both composition and concentration.  Some constituents are relatively 
predictable because their sources are the inorganic chemicals (such as sulfuric acid and sodium carbonate that 
will be mixed to acidify or neutralize solutions) which are controlled and measurable; however, other 
constituents are a function of the interaction between the injection fluids, pH of injection fluids, existing 



CURIS RESOURCES (ARIZONA) INC. 
APPLICATION TO AMEND UIC PERMIT NO. AZ396000001 

ATTACHMENT H – OPERATING DATA 

 

 
6 

groundwater, and the solubility of minerals present in the oxide zone.  Their composition and concentration 
will be difficult to validate until the injection and recovery process has continued for enough time to develop 
a mature PLS, and sufficient operational data are available. 

Therefore, a qualitative analysis of constituents in injectate solution cannot be definitively provided at this 
time until a mature PLS solution is produced from ISCR operations.   

H.6.2 Previous Studies 

Two studies have been conducted in an effort to forecast the character and range of constituent 
concentrations in in-situ solutions that will be produced during commercial-scale operations.  One study was 
conducted in 1995 and reported in Section 3 of Volume IV of the Aquifer Protection Permit (APP) 
application that BHP Copper submitted to the Arizona Department of Environmental Quality (ADEQ) in 
January 1996 (1996 Application), concurrent with its application to USEPA for the UIC Permit.  A summary 
of the results of that study was included in Table 4.3-1 of Volume 1 of the 1996 Application (included as 
Exhibit H-2 of this attachment), and made part of the UIC Permit and of APP No. 101704 that ADEQ 
subsequently issued to BHP Copper in 1997.  The second study was conducted in 2010 by Schlumberger 
Water Services (SWS) on behalf of Curis Arizona, to update and expand on the information in Table 4.3-1.  
Both studies are briefly discussed below.  

As explained in Section 3, Volume 4 of the 1996 Application, forecast compositions of in-situ solutions were 
developed from geochemical models that were based on column tests of core samples collected from the 
FCP site.  The core samples were collected from a number of locations within the oxide zone of the bedrock 
underlying the FCP site; this is the same oxide zone of bedrock proposed for ISCR operations.  Some of the 
forecast compositions shown in Table 4.3-1 (Exhibit H-2) were developed from those models; however, the 
compositions of PLS and injectate solution (referred to as raffinate in Table 4.3-1) were based on actual 
process data from BHP Copper’s copper leach in-situ operation at San Manuel, Arizona.  The solution data 
from San Manuel were preferred because those solutions had been in contact with more copper oxide ore for 
a longer period of time (i.e., were more mature) than the solutions used in the column tests, and were likely to 
show more representative mineral concentrations than the less mature solutions from the column tests.   

Curis Arizona retained the services of SWS to use updated data and current geochemical modeling software 
for evaluating and refining the composition forecasts reported previously by BHP Copper in Table 4.3-1.  As 
discussed in Exhibit H-1 of this attachment, SWS used field data collected by BHP Copper during its pilot-
scale hydraulic control test at the FCP site in late 1997 and early 1998.  The SWS modeling results are 
presented Exhibit H-1, and the forecast compositions produced by the modeling results are summarized in 
Table 3.1 of Exhibit H-1.   

The SWS model did not use the PLS and raffinate data reported in Table 4.3-1 because those data were based 
on PLS and raffinate produced at BHP Copper’s San Manuel deposit, which might have been significantly 
different geochemically than the oxide zone beneath the FCP.  However, the hydraulic control test conducted 
by BHP Copper at the FCP was too short to produce solutions that could approximate equilibrium 
conditions of the minerals dissolved in solutions at the FCP.  Accordingly, the estimated constituent 
concentrations derived by SWS do not represent anticipated maximum concentrations, or a range of 
concentrations.  Rather, the concentrations provided in Table 3.1 of Exhibit H-1 represent potential typical 
constituent concentrations that must be validated by field-scale testing.   

Curis Arizona thus proposes to construct and operate a production test facility (PTF) during Phase 1 of the 
FCP development in order to conduct extended pilot-scale tests before scaling up into Phase 2 commercial 
operations.  This work will produce in-situ solutions sufficiently mature to evaluate and fine-tune process 
treatment technologies and identify opportunities for groundwater conservation.  Curis Arizona estimates 
that mature PLS can be produced within 14 months after commencing PTF operations, and that the resulting 
data can then be used in geochemical models to accurately forecast the range of inorganic constituents in 
injectate solutions and PLS that can be reasonably expected over the life of commercial ISCR operations at 
the FCP.  Table 3.1 will then be amended. 
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H.6.3 Forecast Composition of Raffinate  

Solution No. 4 of Table 3.1 of Exhibit H-1 shows the estimated forecast composition of raffinate.  The 
composition is based on the assumption that the PLS processed in the SX/EW plant may have a composition 
similar to the PLS composition (Solution No. 2), with the exception that it will have lower copper 
concentrations and lower pH.  Raffinate will exit the SX/EW plant and be directed to the raffinate pond 
before it is piped to the ISCR area and acidified, as needed, prior to injection as injectate solution.  

H.6.4 Forecast Composition of Pre-Stacked PLS 

Solution No. 3 of Table 3.1 of Exhibit H-1 shows the forecast composition of pre-stacked PLS.  The solution 
has a copper content that is too lean for economically-viable recovery in the SX/EW plant, and will therefore 
be re-injected as pre-stacked PLS to increase the copper content.  Acid may be added to the pre-stacked PLS 
before it is re-injected.  

H.6.5 Estimated Composition of 93 Percent H2SO4 

Solution No. 1 of Table 3.1 of Exhibit H-1 shows the estimated composition of 93 percent sulfuric acid 
provided in Table 4.3-1.  Sulfuric acid is typically produced from the recovery of sulfur dioxide at a smelter 
facility.  The composition shown is believed to be representative of the sulfuric acid that will be delivered to 
the FCP for acidifying raffinate and pre-stacked PLS during the life of the project.   

H.6.6 Estimated Composition of Make-up Water  

Solution No. 9 of Table 3.1 of Exhibit H-1 shows the estimated composition of groundwater provided in 
Table 4.3-1. 
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Table H-1.  Injection Rates and Volumes 

 
Injection Interval 

Length (Feet) 

Typical Injection 
Rate at  

0.15 gpm/ft 
(gpm) 

Typical Injection 
Rate at  

0.20 gpm/ft 
(gpm) 

Daily Injection 
Volume at  
0.15 gpm/ft 
(gallons) 

Daily Injection 
Volume at  
0.20 gpm/ft 
(gallons) 

Well with Shortest 
Injection Interval 100 15 20 21,600 28,800 

Well with Typical 
Length Injection 

Interval 
360 54 72 77,760 103,680 

Well with Longest 
Injection Interval 860 129 172 185,760 247,680 

gpm = gallons per minute 
gpm/ft = gallons per minute per foot 

 

 
Table H-2.  Example Calculated Average and Maximum Injection Pressures for  

Selected Injection Intervals 

Depth to top 
of Injection 

Interval 
(Feet) 

Average Injection 
Pressure at Top 

of Injection 
Interval (psi) 

Average Well 
Head Pressure  

(psi) 

Maximum 
Injection 

Pressure at Top 
of Injection 
Zone (psi) 

Maximum Well 
Head Pressure 

(psi) 
     

415 187 Atmospheric 270 83 
560 252 Atmospheric 364 112 
680 306 Atmospheric 442 136 
727 327 Atmospheric 472 145 
1013 456 Atmospheric 658 203 

psi = pounds per square inch 
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Geochemical Evaluation of Forecast Process Solutions  
at Florence Copper Project 
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Exhibit H-2 
 

Characteristics of Process Fluids and Waste Streams (Table 4.3.1) 



EXHIBIT H-2 
 

 

Table 4.3-1  Characteristics of Process Fluids and Waste Streams in Milligrams per Liter (mg/L) 

Analyte 

Composition 
of 

93 Percent 
H2S04 

Forecast 
Composition 

of PLS 

Forecast 
Composition of 

Raffinate 

Estimated 
Pregnant 

Electrolyte 
(SX solution) 

Estimated 
Evaporation 

Pond 
Solution 

Estimated 
Tailings/ 

Evaporate 
Salts 

Estimated 
Composition of 

Solution 
During Block 

Wash 

Estimated 
Composition of 
Solution During 

Natural 
Attenuation 
After Block 

Wash 
Make-up 

Water 

Aluminum 0.012 8,950 9,700 110 35,000 3.45 percent 41.26 < 1.0 < 0.10 

Antimony 0.012 < 0.1 < 0.1 0.10 0.2 < 0.1 < 0.01 < 0.02 < 0.005 

Arsenic 0.13 5.10 6.60 0.06 30.00 23.0 < 0.05 < 0.05 < 0.002 

Barium < 0.01 < 0.2 < 0.2 < 0.2 1.0 0.05 < 0.02 < 0.1 0.08 

Cadmium 0.039 < 5.0 < 5.0 25.0  5 < 5 < 5 < 5 < 0.005 

Calcium 8.5 610 560 90 560 400 159 152 192 

Chromium 0.045 9 4 15 120 400 < 1 < 1 < 0.005 

Cobalt < 0.01 21 22 15 22 100 < 0.1 < 0.001 < 0.04 

Copper 0.15 2,000 200 51,000 3,600 1,000 3.3 < 0.5 < 0.02 

Iron 16.0 2,000 1,500 1,650 8,000 5,800 < 0.005 < 0.001 < 0.04 

Lead 0.19 < 1.0 < 1.0 < 1.0 < 1.0 < 10.0 < 0.002 < 0.002 < 0.002 

Magnesium NA 10,000 9,900 160 9,900 3.65 percent 63 121 5.5 

Manganese 0.045 1.15 1.20 0.014 4.550 4,600 < 0.01 < 0.01 < 0.01 

Mercury 0.013 < 0.01 < 0.01 < 0.01 < 0.01 < 0.1 < 0.002 < 0.002 < 0.0002 

Nickel 0.06 26 24 35 60 250 < 0.001 < 0.01 < 0.04 

Potassium 0.8 80 70 < 0.01 250 500 7 147 7.5 

Selenium < 0.02 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.004 

Silver < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.1 < 0.01 < 0.01 < 0.01 

Sodium 11.0 320 320 110 1,700 1,300 181 246 200 

Thallium < 0.01 < .003 < 0.003 < .003 < .01 < .01 < 0.003 < 0.003 < 0.003 

Zinc 0.27 105 100 245 395 310 < 0.5 < 1 < 0.01 

Bicarbonate < 1 < 1 < 1  < 1 NA NA 0.65 0.65 270 
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Table 4.3-1  Characteristics of Process Fluids and Waste Streams in Milligrams per Liter (mg/L) 

Analyte 

Composition 
of 

93 Percent 
H2S04 

Forecast 
Composition 

of PLS 

Forecast 
Composition of 

Raffinate 

Estimated 
Pregnant 

Electrolyte 
(SX solution) 

Estimated 
Evaporation 

Pond 
Solution 

Estimated 
Tailings/ 

Evaporate 
Salts 

Estimated 
Composition of 

Solution 
During Block 

Wash 

Estimated 
Composition of 
Solution During 

Natural 
Attenuation 
After Block 

Wash 
Make-up 

Water 

Chloride < 1.0 115 115 25 NA 3,700 387 393 320 
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Table 4.3-1  Characteristics of Process Fluids and Waste Streams in Milligrams per Liter (mg/L) 

Analyte 

Composition 
of 

93 Percent 
H2S04 

Forecast 
Composition 

of PLS 

Forecast 
Composition of 

Raffinate 

Estimated 
Pregnant 

Electrolyte 
(SX solution) 

Estimated 
Evaporation 

Pond 
Solution 

Estimated 
Tailings/ 

Evaporate 
Salts 

Estimated 
Composition of 

Solution 
During Block 

Wash 

Estimated 
Composition of 
Solution During 

Natural 
Attenuation 
After Block 

Wash 
Make-up 

Water 

Fluoride NA 87 87 < 1 NA NA < 1.0 < 1.0 0.69 

Nitrate  NA NA NA NA NA NA NA NA 110.00 

Phosphate 0.13 < .5 < .5 < .5 40 < 10 < 0.5 < 0.5 < 0.20 

TDS 184,000 116,000 111,000 108 415 NA 1,000 1,000 1,500 

Sulfate 93 percent H2S04 93,700 96,600 214,000 41,000 33.2 percent 750 750 350 

pH  1.82 1.83 < 0.01 7.21 7.2 3.3 7.6 7.30 
 
a Examples of solution composition during natural attenuation process. 
 
NA - Not included in analyses 
TDS - Total Dissolved Solids 
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I.1 Introduction 

This Attachment I has been prepared in support of an application by Curis Resources (Arizona) Inc. (Curis 
Arizona) to the United States Environmental Protection Agency (USEPA) to transfer, with amendments, 
Underground Injection Control Class III (Area) Permit No. AZ396000001 (UIC Permit) from Florence 
Copper Inc. (Florence Copper) to Curis Arizona. 

Curis Arizona is proposing to develop an in-situ copper recovery (ISCR) facility, referred to as the Florence 
Copper Project (FCP).  The FCP will produce copper from a porphyry copper oxide deposit located beneath 
lands owned and leased by Curis Arizona within the limits of the Town of Florence, Pinal County, Arizona.  
The ISCR facility will consist of a closely spaced array of Class III injection and recovery wells that will inject 
a dilute sulfuric acid based solution (injectate solution or lixiviant) into the copper oxide deposit (oxide zone) 
and recover the resulting copper-bearing pregnant leach solution (PLS).   

Previous owners of the FCP site have included Continental Oil Company, Magma Copper Company, BHP 
Copper Inc. (BHP Copper), and Florence Copper.  These previous owners have conducted extensive and 
thorough studies over a period spanning the last 40 years.  Studies have included exploratory drilling and 
testing, pilot-scale underground mining and copper production, ISCR pre-feasibility and feasibility studies, 
and characterization of the FCP oxide zone and local aquifers.   

In this attachment, Curis Arizona provides a summary of the formation testing work completed by others.  
Given the extensive body of characterization data produced at the FCP site and its high quality, Curis Arizona 
does not propose to conduct new formation testing.  Exhibit I-1 is a site characterization report prepared in 
1996 in support of FCP permit applications at that time. 

I.2 Background 

In 1996, BHP Copper compiled data from studies conducted by BHP Copper and others from 1970 through 
1995, in support of applications to the Arizona Department of Environmental Quality (ADEQ) for an 
Aquifer Protection Program Permit (1996 Application), and to the USEPA for an Underground Injection 
Control (UIC) Permit.  The studies included extensive field investigations and laboratory studies for the 
purpose of characterizing the FCP oxide zone, aquifers, formation fluids, and other aspects of the FCP site.  
The extent of the studies and analyses conducted are listed in the next section and described in detail in 
Exhibit I-1.  

In 1997, ADEQ and USEPA issued Aquifer Protection Permit No. 101704 (APP) and the UIC Permit, 
respectively, authorizing BHP Copper to operate a commercial-scale copper recovery operation at the FCP 
site using the ISCR method.  In 1997 and 1998, and as required by USEPA in Part II.F.7 of the UIC Permit, 
BHP Copper conducted a short-term injection and recovery test to demonstrate that hydraulic control could 
be maintained within the injection and recovery zone (IRZ) while fluids were being injected and recovered as 
part of ISCR operations.  The successful completion of the test was reported to ADEQ in a letter dated 
April 6, 1998 (BHP Copper, 1998).  Although fully permitted by ADEQ and USEPA, a combination of 
financial considerations prevented BHP Copper from advancing the FCP to commercial-scale copper 
production.  The FCP was subsequently acquired by, and the UIC Permit transferred with amendments to, 
Florence Copper. 

Beginning the fourth quarter of 1997, BHP Copper began quarterly and biennial water quality monitoring 
programs in accordance with the requirements of the APP and the UIC Permit.  Monitoring and quarterly 
reporting have continued since that time, except for 2009 due to a previous owner’s financial difficulties. 

No formation characterization activities have been conducted at the FCP site since successful completion of 
BHP Copper’s hydraulic control test in early 1998.  Given the extensive dataset generated by previous site 
owners, and the thorough nature of studies conducted previously at the site, Curis Arizona does not plan to 
conduct any additional formation or aquifer testing prior to construction of the proposed ISCR facility. 
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I.3 Description of Formation Testing Program Conducted to Date 

The methods and results of the formation testing program Curis Arizona is presenting as Exhibit I-1 of this 
attachment was compiled by BHP Copper.  Because no additional formation characterization activities have 
been conducted since 1996, Exhibit I-1 represents the most comprehensive collection of formation testing 
data available.  Exhibit I-1 was submitted by BHP Copper as Volume II – Site Characterization Report of 
their 1996 Application. 

Specifically, the Site Characterization Report summarizes: 
• A review of data from publicly available documents.  This information includes professional journal 

articles, government agency publications, Arizona Department of Water Resources (ADWR) well 
records, and mapping of the regional bedrock. 

• Documentation of communications with the Towns of Florence and Coolidge in regards to municipal 
well locations, pumping rates, and water quality. 

• A review of pumping records retained by the San Carlos Irrigation Project (SCIP) and San Carlos 
Irrigation and Drainage District (SCIDD). 

• An assessment of bedrock properties, including fracture frequency and orientation, based on lithologic 
logs of approximately 700 coreholes drilled into, or in the vicinity of, the FCP oxide zone. 

• The drilling of 52 boreholes by mud rotary and reverse circulation methods to depths ranging from 
approximately 240 to 1,580 feet below ground surface (bgs). 

• The geophysical logging of about 16,340 linear feet of rotary boreholes utilizing nuclear, acoustic, and 
electrical methods. 

• The completion of 18 observation wells in six clusters in and around the designated oxide zone to 
depths ranging from 240 to 1,580 feet bgs. 

• Results from a monthly sampling and water quality testing program, including a total of 98 water quality 
parameters measured. 

• Fourteen hydraulic packer tests conducted in open boreholes. 
• Results from monthly water level measurements in approximately 110 wells. 
• Results from 26 aquifer tests using 14 test wells and four observation well clusters, measuring up to 

15 observation wells during drawdown and recovery of the principal well. 
• Completion of a specialized subsurface sampling program to evaluate the ambient geochemical and 

physical properties of the unsaturated zone. 
• Completion of a geotechnical investigation of the foundation soils underlying the proposed surface 

facilities, including selected facilities to be used for managing process solutions, sediments and water. 
• Completion of an environmental site assessment of the existing facilities on the FCP site to evaluate the 

presence of soil contaminants. 

I.4 Formation Characterization Data 

I.4.1 Fluid Pressure Data 

The proposed injection is to occur in the saturated oxide zone of the bedrock underlying the FCP site.  This 
oxide bedrock zone (Oxide Bedrock Unit) is in the upper part of the bedrock and consists of primarily 
Precambrian quartz monzonite and Tertiary granodiorite porphyry.  The upper portion of the oxide bedrock 
zone consists of a weathered, rubbly mixture of fracture-filling minerals and angular bedrock fragments.  
Below this weathered zone, the oxide bedrock consists of extensively fractured quartz monzonite, 
granodiorite, and associated dikes.  Movement of groundwater through the Oxide Bedrock Unit is largely 
controlled by secondary permeability resulting from faults, fractures, and associated brecciation.   
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The Oxide Bedrock Unit is in hydraulic communication with an overlying sedimentary deposit, the Lower 
Basin Fill Unit (LBFU).  Both the Oxide Bedrock Unit and LBFU behave as confined to semi-confined 
hydrostratigraphic units.  Because of the confining to semi-confining conditions, fluid pressure within the 
Oxide Bedrock Unit is sufficient to create a piezometric surface that was measured in 2010 at elevations 
between approximately 1,270 and 1,275 feet above mean sea level. 

Potentiometric elevations observed in the Oxide Bedrock Unit and other hydrostratigraphic units are 
summarized in Section 4.3, and are shown on Figures 4.3-9(II) through 4.3-13 (II) of Exhibit I-1.   

I.4.2 Fracture Pressure Data 

During 1995, BHP Copper conducted 14 hydraulic packer tests in open boreholes for the purpose of defining 
the fracture gradient of undisturbed bedrock within the oxide zone.  The methods and results of the corehole 
packer testing are described in Sections 2.3.6 and 4.3.3.9, respectively, of Exhibit I-1.    

I.4.3 Physical and Chemical Characteristics of Formation Fluids 

Data describing the physical and chemical characteristics of formation fluids in the region and at the FCP site 
are described in Sections 3.8 and 4.5 of Exhibit I-1, respectively. 
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K.1 Introduction  

This Attachment K has been prepared in support of an application (Application) by Curis Resources 
(Arizona) Inc. (Curis Arizona) to the United States Environmental Protection Agency (USEPA) to transfer, 
with amendments, Underground Injection Control Class III (Area) Permit No. AZ396000001 (UIC Permit) 
from Florence Copper Inc. (Florence Copper) to Curis Arizona.  The UIC Permit was originally issued to 
BHP Copper Inc. (BHP Copper) on May 1, 1997 in response to the UIC Permit application that BHP 
Copper submitted to USEPA in January 1996.  The permit was subsequently transferred, with amendments, 
to Florence Copper in December 2001.  

Curis Arizona is submitting this Application so that it may proceed with the development of the in-situ copper 
recovery (ISCR) project, referred to as the Florence Copper Project (FCP or Site).  Curis Arizona is 
proposing a phased development of the FCP.  During Phase 1, pilot-scale tests will be conducted to develop 
information needed to evaluate equipment and treatment technologies that may be used during Phase 2 
(commercial operations).  Attachment 9 of the application that Curis Arizona submitted to the Arizona 
Department of Environmental Quality (ADEQ) on January 31, 2011 to amend the related Aquifer Protection 
Permit No. 101704 (APP, and APP Application) includes a detailed summary of the two phases of FCP 
development and operation.  It also includes a description of a hydraulic control test that BHP Copper 
conducted from late 1997 to early 1998 to demonstrate that hydraulic control can be maintained while 
injection and recovery is occurring at the FCP.  

The information included in this attachment describes injection procedures as required by 40 Code of Federal 
Regulations (CFR) 146.34(a)(10) and for Attachment K of USEPA Form 7520-6.  The proposed procedures 
address injection and recovery of ISCR solutions for Phase 1 and 2 and closely track existing procedures 
prescribed in the UIC Permit.  Although Phase 1 will focus on pilot-scale tests and Phase 2 will focus on 
commercial-scale operations, the injection procedures and related controls for both phases will be similar 
except as governed by the size of operations.   

In Section K.2, Curis Arizona briefly describes ISCR operations and summarizes the information presented in 
Attachment 9 of the APP Application that is related to injection procedures.  Figures 9-1 through 9-3 of 
Attachment 9 are presented in this attachment as Figures K-1 through K-3, respectively.  Existing facilities at 
the FCP site are shown on Figure K-1, existing and proposed facilities for Phase 1 operations are shown on 
Figure K-2, and existing and proposed facilities for Phase 2 operations are shown on Figure K- 3.   

In Section K.3, Curis Arizona provides an overview of Phase 1 and 2 operations, describes process flows for 
the Phase 1 and 2 operations, briefly describes the composition of injectate solution (lixiviant), and describes 
the proposed injection procedures.   

Curis Arizona proposes amending some sections of the UIC Permit to clarify language or the procedures 
related to fluid injection; however, these amendments are only briefly identified herein and reference is given 
to other attachments to this Application where they are described in greater detail.   

K.2 ISCR Description  

K.2.1 ISCR Area 

The ISCR area occupies approximately 212 acres in the western portion of the FCP site.  It includes the same 
area identified as the “mine zone” in the aquifer exemption that USEPA granted on May 1, 1997 in 
conjunction with issuing the UIC Permit.  It is the area authorized by the UIC Permit for the injection of 
dilute sulfuric acid solutions (injectate solution or lixiviant) into the subsurface oxide zone for the purpose of 
dissolving and recovering copper.  The oxide zone is more than 350 feet below ground surface (bgs) and is in 
the upper portion of the bedrock beneath the Site.  The APP similarly authorizes the installation of injection 
and recovery wells in the ISCR area, as well as authorizes the construction of surface facilities to support full-
scale commercial ISCR operations. 
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The lateral boundary of the area for which the USEPA granted the aquifer exemption extends 500 feet 
beyond the ISCR area.  The Site includes portions of Sections 26, 27, 28, 33, 34, and 35, Township 4 South, 
Range 9 East, Gila and Salt River Base and Meridian.  A 160-acre portion of the Site in Section 28 is leased 
from the State of Arizona under Mineral Lease No. 11-26500. 

K.2.2 Development of ISCR Area  

The ISCR area has been divided into “resource blocks” for planning purposes.  Each resource block currently 
has a surface area of 500 by 500 feet (approximately 5.7 acres).  However, the size and orientation of the 
resource blocks may be altered in the future as necessary to fit the boundary of the ISCR area and for ISCR 
planning purposes.  As described below, a small array of test wells will be installed and operated in portions 
of two resource blocks as part of the Phase 1 operations, whereas approximately 60 injection and recovery 
wells will be installed in each resource block during Phase 2 operations.  During Phase 2, approximately eight 
to ten resource blocks will be joined to form an operational unit for the sequential development of the ISCR 
area as discussed below.   

Each well installed in the ISCR area will be constructed according to a standard design so that it can serve 
multiple purposes during its life.  Most wells will initially be designated as an injection or a recovery well, but 
during their operating lives their function may be alternated or allocated to act as observation wells or to wells 
needed to maintain hydraulic control.   

Each array of injection and recovery wells will be arranged in a five-spot pattern that effectively surrounds 
each injection well with four recovery wells.  Approximately 2,500 Class III injection and recovery wells may 
be installed and closed at the FCP site over the course of the estimated 20-year project life.  The injection 
wells will be used to inject lixiviant into the oxide zone to dissolve the copper oxide minerals and liberate the 
copper into solution.  The resulting copper-laden solution, referred to as pregnant leach solution (PLS), will 
be pumped from the formation by the recovery wells.  Copper will be recovered from the PLS by means of a 
solvent extraction/electrowinning (SX/EW) process.  Once copper has been recovered, the chemistry of the 
“barren” PLS solution (raffinate) will be adjusted and re-injected as lixiviant back into the oxicde zone. 

Well construction procedures and design details are described in Attachments L and M, respectively, of this 
Application. 

The test wells installed for Phase 1 operations will be part of a Production Test Facility (PTF); a pilot-scale 
facility that will include portable water treatment units, a temporary SX/EW, an existing tank farm and water 
impoundment, and supporting infrastructure.  The facilities will be used to evaluate treatment and recovery 
technologies and equipment that may be used during Phase 2 to conserve water and to reduce the amount of 
water and sediment placed in water impoundments.  Section K.3.1 briefly describes Phase 1 and 2 operations 
and the surface facilities proposed for both phases.  All surface facilities are located within or east of the 
ISCR area.  

As noted above, approximately eight to ten resource blocks will be joined to form operational units during 
commercial operations.  The number of resource blocks in any operational unit will depend on factors such 
as the flow characteristics and the thickness of the oxide zone in which injection and recovery has or will 
occur (injection and recovery zone, or IRZ).  Operational units will be sized to ensure fluid injection and 
recovery rates are equal to the nominal design capacity of the proposed commercial-scale SX/EW plant 
(approximately 11,000 gallons per minute [gpm]). 

Resource blocks and operational units will be developed, operated, and closed sequentially.  During full-scale 
commercial operations, one operational unit will be in operation while other units or portions of units are 
undergoing development or closure.  Development of the operational units will begin in the southern portion 
of the ISCR area and will generally continue in a northward direction until the entire ISCR area has been 
developed. 
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A key element of the ISCR process is the maintenance of hydraulic control from the time that lixiviant is first 
injected into the oxide zone until all economically-viable copper has been extracted and groundwater in the 
IRZ is restored to a quality specified in Part II.I.1 - Closure of the UIC Permit and Part II.H.2 – In-Situ 
Copper Recovery Closure of the APP.  Hydraulic control is defined as the inward hydraulic gradient that 
prevents in-situ solutions from migrating out of the IRZ.  It is maintained by ensuring that the daily amount of 
lixiviant injected into the IRZ is less than the aggregate daily amount of the copper-bearing PLS plus 
groundwater removed from the IRZ.   

Solutions removed from the IRZ for hydraulic control purposes (hydraulic control solutions [HCS]) may 
range from fresh groundwater to groundwater that contains lixiviants and dissolved mineral constituents.  
These solutions may be re-circulated, re-acidified and re-injected (or “stacked”) for further dissolution of 
copper, or piped to a treatment facility for re-use or to a neutralization circuit prior to placement in a water 
impoundment.  Solutions removed from the IRZ containing commercial grade PLS (i.e., PLS that contains 
economically-recoverable concentrations of dissolved copper) will be piped to the SX/EW plant for copper 
recovery.   

K.2.3 BHP Copper Hydraulic Control Test Facility 

In 1997, BHP Copper constructed a test facility to demonstrate, as required by the APP and the UIC Permit, 
that hydraulic control could be maintained during the injection and recovery of in-situ solutions using wells of 
the designs and arrangements approved in the two permits.  BHP Copper successfully demonstrated that 
hydraulic control could be maintained.  

The test facility included 20 test wells (four injection wells, nine recovery wells, and seven observation wells) 
located in a bermed area of approximately 2 acres inside the ISCR area.  Two of the observation wells were 
equipped to sample at three depths within the IRZ, and each well was located between an injection and a 
recovery well.  The other observation wells were located outside the perimeter of recovery wells.  The test 
facility also included supporting surface facilities.  The surface facilities included a double-lined water 
impoundment, a tank farm next to the impoundment, and pipelines connecting the test well block, the tank 
farm and the impoundment.  The aforementioned components of the test facility are still on the Site and are 
shown on Figure K-1, including facilities and infrastructure constructed and used by other previous owners 
of the site.   

All surface facilities for BHP Copper’s test facility were designed, installed, and operated to prevent 
discharges.  The impoundment was equipped with a leak collection and removal system.  The tanks in the 
tank farm were located on an impermeable surface that drains to the impoundment.  The pipelines 
connecting the test well block to the tank farm and impoundment were placed in an open and lined channel, 
and a lined sump was installed at each well for collecting potential spills from wellhead piping.  Similarly, 
BHP Copper’s injection, recovery, and observation wells were designed and constructed according to 
Class III standards and operated to monitor and prevent in-situ solutions from migrating beyond the IRZ. 

During the test, lixiviant was injected into the IRZ from November 1, 1997 through February 9, 1998.  
Injection of lixiviant occurred at a rate of up to 40 gpm per well.  Because there were more recovery wells 
than injection wells, the recovery rate per well was typically less than the injection rate per well.  However, the 
average total lixiviant injection and total PLS recovery rates were approximately 120 and 150 gpm, 
respectively, thus indicating hydraulic control.   

After lixiviant injection was discontinued, the injection wells were used to rinse the IRZ with water in order 
to facilitate groundwater restoration.  Water injected for rinsing purposes included formation groundwater 
and neutralized process water that was stored in the impoundment.  Groundwater removed via recovery wells 
for hydraulic control purposes after lixiviant injection was discontinued also served to rinse the IRZ.  The 
injection wells were later converted to recovery wells and were used along with the other recovery wells to 
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further rinse the IRZ by drawing surrounding formation water through the IRZ to the surface.  All 
groundwater, including PLS, pumped from the test wells during the hydraulic control test and during the 
rinsing period following the test was placed in the water impoundment for evaporation.  

Although the hydraulic control test was successfully concluded, BHP Copper deferred constructing a 
commercial-scale facility and sold its property to Florence Copper in December 2001.  Hydraulic control was 
maintained from the time that injection began in 1997 until December 2001 when constituent concentrations 
in the groundwater pumped from the IRZ were determined to meet UIC Permit closure criteria (less than 
Maximum Contaminant Limits [MCLs] or pre-operational concentrations, if the pre-operational 
concentrations exceeded the MCLs).  After water quality criteria were met, hydraulic control pumping 
continued until authorization to cease pumping was obtained in September 2004. 

K.3 Phase 1 and Phase 2 Injection Procedures 

Background information and proposed injection procedures for Phase 1 and Phase 2 are described in this 
section, as follows:   

• Section K.3.1 describes differences in Phase 1 and Phase 2 facilities and operations,   
• Section K.3.2 describes the principal differences in Phase 1 and Phase 2 process flows,   
• Section K.3.3 describes the anticipated differences in the chemical characteristics of solutions injected 

and recovered during Phase 1 and Phase 2, and 
• Section K.3.4 describes the proposed injection procedures for Phase 1 and Phase 2.  

K.3.1 Comparison of Phase 1 and Phase 2 Facilities and Operations 

The Phase 1 and 2 facilities and operations will be comparable in scope and design, but will differ significantly 
in scale of operations.   

The Phase 1 PTF will involve the installation and operation of 24 wells (four injection wells, nine recovery 
wells, seven observation wells, and four special-purpose monitoring wells equipped to collect groundwater 
samples from multiple depths bgs).  This well array will be installed in a new test well block located in the 
southeastern portion of the ISCR area.  It is anticipated that the total lixiviant injection through the four 
injection wells will occur at a rate of approximately 240 gpm, and the total PLS recovery rate will be 
approximately 300 gpm.  The proposed Phase 1 facilities are shown on Figure K-2.  

All PTF facilities will be constructed to prevent discharges.  The PTF test well block will be bermed to 
protect against storm water run-on and each well will be located in a containment sump.  As shown on Figure 
K-2, a pipeline will connect the new test well block to the existing tank farm area and water impoundment.  
Drawing D0008 in Exhibit 9-B of Attachment 9 of the APP Application shows the design details for lined 
channels in which all principal pipelines will be placed for Phase 1 and 2 operations.  The tank farm will be 
located in the same protected and lined area adjoining the existing water impoundment that was used by BHP 
Copper.  The tanks will serve to temporarily store solutions as they are prepared for injection or circulated to 
the temporary SX/EW plant, or to portable water treatment units for reuse, or to the neutralization circuit 
prior to being placed in the water impoundment.   

The Phase 2 operations will expand on Phase 1 operations, consisting of injection/recovery in multiple 
resource blocks and managing ISCR solutions in commercial-scale surface facilities.  As described in 
Section K.2.2, multiple resource blocks will be joined and developed to form operational units during 
commercial operations, and will be operated and closed sequentially throughout the ISCR area shown on 
Figure K-3.  Figure K-3 also shows the proposed new surface facilities that will support Phase 2 ISCR 
operations.  The facilities will include a commercial-scale SX/EW plant, water treatment facilities, up to seven 
water impoundments, a PLS pond, a raffinate pond, an SX/EW plant runoff pond, and all related 
infrastructure to support commercial operations.   
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Wells within an operational unit will be connected to one or more distribution tanks within the ISCR area via 
pipelines and manifolds.  Pipelines will be used for conveying in-situ solutions between the tanks in the ISCR 
area and surface facilities outside the ISCR area.  More specifically, PLS will be conveyed in pipelines from 
the ISCR area via the PLS pond to the SX/EW plant for copper recovery, and “barren” PLS (raffinate) will 
be conveyed from the SX/EW plant via the raffinate pond back to the ISCR area where it will be prepared as 
the lixiviant for injection.  To maintain balance of the flows and chemical composition of in-situ solutions, a 
small amount of make-up water may be added to the raffinate or some of the raffinate may be piped (as 
raffinate bleed) via a neutralization circuit for placement in the water impoundments.   

Manifolds will be used during Phase 2 operations to distribute lixiviant from the tank farm areas to injection 
wells; to collect PLS from recovery wells; and to deliver the PLS to a stacking tank or to the pipelines for 
delivery to the PLS pond and thence to the SX/EW plant for processing.  Stacking refers to the process of 
re-acidifying and re-injecting PLS into an IRZ for the purpose of increasing its copper content. 

Hydraulic control will be maintained in the IRZ for both Phase 1 and Phase 2 operations.  It will be 
maintained from the time that the injection of lixiviant begins until the time that the groundwater quality in 
the IRZ is restored to a level that meets the criteria specified in the UIC Permit and APP.  In the Phase 1 
PTF test well block, hydraulic control will be maintained by using the recovery wells to remove in-situ 
solutions plus the amount of groundwater needed to exceed injection rates and thus maintain hydraulic 
control.  During Phase 2, however, the recovery rates at the recovery wells will be set approximately equal to 
the injection rates at the injection wells, and hydraulic control will be maintained by using perimeter wells to 
withdraw the necessary volume of groundwater.   

To monitor the success of hydraulic control, the amount of in-situ solutions injected and recovered will be 
recorded and compared at least once every 24 hours.  Adjustments in injection and/or recovery rates will be 
made to ensure that recovery volumes are greater than injection volumes.   

Hydraulic control also will be monitored by comparing groundwater levels in paired wells.  At least four 
observation wells will be paired with recovery wells, or perimeter wells if perimeter wells are being used to 
maintain hydraulic control.  The well pairs will be located equidistantly along the edge of the PTF test well 
block or an operational unit.  The observation well will be the outer well of the pair.  Each member of a well 
pair will be equipped with a pressure transducer so that groundwater levels can be measured and recorded.  
An inward hydraulic gradient (and thus hydraulic control) will exist if the groundwater levels in the recovery 
or perimeter wells, whichever is applicable, are lower than the groundwater levels in the paired observation 
wells.  If the groundwater levels are higher, the injection and/or recovery flow rates will be adjusted to 
maintain a higher water level in the observation wells.   

Hydraulic control will be maintained at all times including during stacking, during periods of reduced 
injection and recovery that may occur to increase the lixiviant’s contact time with minerals in the IRZ, and 
during periods where groundwater or other rinse solutions are injected into the IRZ during rinsing and 
closure operations.  

K.3.2 Process Flows 

Curis Arizona proposes a variety of tests during Phase 1 for evaluating equipment and treatment technologies 
that may be applied to improve efficiency of Phase 2 operations, to reduce the consumption of groundwater, 
and to reduce the volume of water and sediments placed in the water impoundments.  A prerequisite for 
most of the tests is a sufficiently mature PLS (i.e., a PLS with an adequate grade, or concentration, of 
dissolved copper) that can be used to (1) forecast changes in PLS and injectate solution composition over 
time, and (2) to evaluate treatment and recovery technologies and equipment.    
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To facilitate the maturation process, PLS may be re-acidified and re-circulated back to the IRZ for 
re-injection.  Once the PLS is sufficiently mature, it will be subject to a variety of water treatment tests and 
will be used to evaluate the efficiency of copper recovery by the temporary pilot-scale SX/EW plant.  Barren 
solutions from the temporary SX/EW plant and solutions from pilot-scale treatment may be piped to the 
tank farm area for neutralization and placement into the water impoundment.  If the solutions are determined 
to meet the criteria discussed in Section K.3.3, they may be re-circulated for use as lixiviant.  

A flow sheet illustrating ISCR and SX/EW operations for Phase 2 was provided as Exhibit 6A, 
Attachment 6, in the APP Application, and is provided in this attachment as Exhibit K-1.  The flow sheet 
depicts process flows in the ISCR area including flows to injection wells, and flows from recovery and 
perimeter wells.  It also shows a flow from “reclamation wells”; wells used to remove in-situ solutions and 
formation water from the IRZ during closure.  The water impoundment is shown receiving all hydraulic 
control flows and all reclamation flows plus raffinate bleed.  It is anticipated that flows to water 
impoundments can be reduced once treatment processes are finalized as a result of the Phase 1 PTF tests.   

The flow sheet shows Flow No. 13 in the ISCR area as a stacking solution.  As introduced above, stacking is a 
process for increasing the copper content in the PLS before it is delivered to the SX/EW plant for copper 
recovery.  Stacking is similar to the PLS circulation discussed above for Phase 1 operations, but will be 
conducted on a scale commensurate with Phase 2 operations.  During Phase 2, PLS pumped from recovery 
wells that lack the copper concentration required for economically viable copper recovery may be re-acidified 
if necessary and re-injected into the same operational unit from which it was obtained or into another 
operational unit.  In this way, stacking provides for greater economy in SX/EW operations, reduces water 
consumption by replacing the make-up-water component used to prepare raffinate for re-injection, and 
reduces the amount of water that might otherwise be bled to the water impoundment to maintain hydraulic 
and chemical balance within the system.   

Flows and the use of particular wells will change over the life of an operational unit.  Recovery of PLS will 
continue as shown in Exhibit K-1 until the copper content drops to levels below the economically-viable 
concentrations.  Then, flow of PLS from that operational unit will decline, and closure of the unit will begin.  
As part of the closure process and as described above, the injection wells will initially be used to inject rinse 
solutions to restore groundwater quality in the IRZ.  Rinse solutions may include fresh groundwater; 
recycled/neutralized impoundment water that does not exceed raffinate criteria described in the following 
section; and/or sodium bicarbonate or other neutralizing solution to increase the pH of the groundwater in 
the IRZ being rinsed.  If needed to facilitate the restoration process, recovery wells may be switched to 
injection wells so that they may be used to increase the flow of injected rinse water, neutralizing agents, etc.  
As rinsing proceeds, injection wells will later be converted to recovery wells to draw fresh formation water 
from areas surrounding the IRZ.  Rinsing will continue until groundwater meets the closure criteria 
established in the UIC Permit and APP.  At all times during closure, hydraulic control will be maintained. 

The process described above will be used when an operational unit in the ISCR area is undergoing sequential 
closure (i.e., where one unit is undergoing closure while other operational units are active or are being 
developed).  A similar process will be used when the ISCR area is undergoing final closure, except that 
delivery of PLS to the SX/EW plant will stop and all remaining raffinate will be neutralized and placed in the 
water impoundment along with all neutralized in-situ solutions and rinse water.  The process of using wells for 
multiple purposes during final closure will be the same as for sequential closure.  

K.3.3 Injectate Solution (Lixiviant) Composition 

Part II.E.4 – Injection Fluid Limitation of the UIC Permit establishes limits on lixiviant composition prior to 
injection and Part II.F.8 – Injectate Monitoring establishes monitoring requirements for lixiviant.  Details on 
lixiviant composition and monitoring are described in Attachment H and Attachment P of this Application, 
respectively. 
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As described in this attachment, Curis Arizona will conduct pre-operational reviews before commencing 
injection, which will include monitoring lixiviant composition to verify that it meets the limits specified in 
Part II.E.4 (see Item 5 in Section K.3.4.1).  Good management practices with respect to all in-situ solutions, 
and monitoring as required by Part II.F.8, will ensure that the lixiviant constituents remain below the 
Part II.E.4 limits.   

Curis Arizona proposes some amendments to Parts II.E.4 and II.F.8 to clarify language and procedures with 
respect to monitoring and adjusting lixiviant composition; they are discussed in Attachment P and in the table 
of proposed amendments to permit language enclosed with this Application.  

K.3.4 Phase 1 and Phase 2 Injection Procedures 

Phase 1 and 2 injection procedures will be essentially the same, except for some minor variations associated 
with operating test wells (as in Phase 1) versus sequentially operating multiple operational units (as in 
Phase 2). 

K.3.4.1 Pre-Operational Review 

Before commencing operations in the PTF test well block or a new operational unit, Curis Arizona operators 
will conduct a pre-operational review of all start-up procedures to ensure that the operations comply with 
UIC Permit conditions, as follows (the relevant UIC Permit clause is shown in brackets):  

1. Mechanical integrity tests (Part I and Part II) have been conducted on all ISCR wells and all wells 
have passed the tests.  [Part II.E.2(b)]  

2. All wells have been completed such that they will not inject solutions within the injection exclusion 
zone (within the top 40 feet of the oxide zone).  [Part II.C.4]  

3. All core holes and all wells (except Class III wells and wells used for groundwater monitoring) 
located within 500 feet of the PTF test well block or an operational unit being readied for operations, 
have been abandoned in accordance with an approved Plugging and Abandonment Plan).  [Part II.D]  

4. Allowable injection pressure, not to exceed 0.65 pounds per square inch per foot (psi/ft), has been 
established for each injection well.  [Part II.E.3(a)] 

5. Injection fluids have been checked and found to meet permit limitations. [Part II.E.4 and Part II.F.8, 
as proposed to be amended] 

6. Fresh groundwater has been injected, as needed, to assess the hydraulics of the injection and 
recovery patterns (and to confirm that all monitoring devices and controls are in working order).  
[Part II.E.4.(b)]  

K.3.4.2 Injection System and Monitoring Devices 

The injection system consists of the individual wells, pumps, manifolds, piping, and related controls and 
meters.  Manifolds will be used in both Phase 1 and 2 to distribute lixiviant to injection wells and to collect 
PLS from recovery wells.  As explained above, PLS may be re-circulated to the IRZ during Phase 1 to 
concentrate copper in the PLS.  During Phase 2, PLS may be stacked to increase the copper concentration in 
the PLS.  During Phase 2, raffinate from the raffinate pond will be piped to a distribution tank located at or 
near the active operational unit where the raffinate will be acidified as necessary to prepare it as a lixiviant.  
During Phase 1, the raffinate will be prepared in the tank farm near the existing water impoundment.   

Mechanical controls and monitoring devices incorporated into the injection system are listed below and 
illustrated in the drawings in Attachment M of this Application.  

• a pressure gage at each injection manifold with set points; 
• a flow meter at each injection manifold for measuring flow rates (gpm); 
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• a totalizing flow meter for measuring cumulative flow (gallons) into each injection manifold; 
• an isolation valve at each injection well; 
• a flow meter at each injection well for indicating flow; and 
• a valve at each injection well for controlling flow. 

Operators will use the gages and meters at each injection manifold as devices for monitoring injection 
pressures and flows on a manifold-by-manifold basis.  Allowable injection pressure will be calculated for each 
injection well, as described in Attachment H of this Application.  Actual pressures measured at each manifold 
will be compared to the maximum allowable pressure(s) for the well with the lowest allowable pressure, and 
will be adjusted as necessary to ensure injection pressures are within calculated allowable limits.   

Every 24 hours, the totalized flows from all of the injection manifolds will be summed and compared to the 
summed totalized flows from all of the manifolds from recovery wells, hydraulic control wells, and 
reclamation wells.  If the summed total flow out of the IRZ exceeds the total flow into the IRZ, hydraulic 
control will be verified.  If the summed total flow out of the IRZ does not exceed the total flow into the IRZ, 
adjustments to recovery and/or injection flow rates will be made accordingly to restore hydraulic control. 

Reduced flow in an injection well may be due to changes in formation characteristics or clogging of the 
formation or the well screens.  A sudden increase in flow may indicate a break/failure of the well casing.  If a 
casing breach is believed to have occurred, the operator will shut down that well by turning off the flow 
switch and will conduct relevant inspections.  Inspections and related reporting will be conducted in 
accordance with Plans for Well Failures (Attachment O of this Application). 

The injection and recovery systems will be connected to one or more tank farms in the ISCR area.  The tank 
farms will include tanks fitted with a high-level alarm and level indicators.  Both alarm and level indicator 
signals will be routed to the control room.  An alarm will actuate if either a line fails or the tank high level is 
exceeded.  The feed pump to the tank will be disabled automatically.  Spilled solutions will be captured in a 
lined collection sump able to contain 110 percent of the volume of the tank and line.  The spilled volume will 
be pumped back into the circuit for reuse.  

Solutions pumped through pipelines located in pipeline channels between the in-situ tank farm and the 
SX/EW plant will be metered for flow and pressure.  Four lines may be used in the pipeline channels: 
lixiviant, PLS, HCS, and a fourth line to be used as a backup in case one of the other three lines fails.  An 
electronic feedback system will alarm if a pump fails, flow is interrupted, or flow is not in logical mode when 
a pump is activated.  Loss of pressure or pressure exceeding a high setting will cause the pump to 
automatically shut down.  In the event of such an occurrence, the plant operator will inspect the system.  A 
broken line will be repaired within 72 hours and spilled solutions captured in spill control sumps in the lined 
channels will be pumped back into the process systems or to the water impoundment. 

K.3.4.3 Recovery System 

The recovery system is similar to the injection system.  It is comprised of the individual wells, pumps, 
recovery manifolds, piping, and related meters and controls (as shown in the drawings in Attachment M to 
this Application) and includes: 

• a continuous reading flow meter (gpm) at each recovery manifold; 
• a totalizing flow meter (gallons) at each recovery manifold; 
• an isolation valve at each recovery well; 
• a flow meter at each recovery well; and 
• a pressure transducer within perimeter and selected recovery wells for measuring head/water elevation 

within an IRZ (to assess hydraulic control). 
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The flow meters on the recovery manifolds will allow the operators to monitor recovery flow rates, and use 
the data (with that from the hydraulic control and reclamation wells) to compare against injection flow rates 
as described above.  As necessary, recovery flow can be modulated in the manifolds to ensure that flow out 
of the operational unit exceeds the flow of lixiviant and any other injectate into the operational unit.  
Inspections and related reporting will be conducted in accordance with Plans for Well Failures 
(Attachment O of this Application). 

K.3.4.4 Procedures for Contingency Conditions  

Procedures for contingency conditions and associated response actions in the ISCR area are summarized in 
Table K-1.  Many of the contingency conditions will be identified electronically with alarms.  Others will be 
identified by visual inspections.  All require indicated follow-up actions.  Actions that involve a well repair or 
abandonment in response to a contingency condition are described in detail in Plans for Well Failures 
(Attachment O of this Application).  

K.3.4.5 Procedures for Monitoring Hydraulic Control    

Hydraulic control will be monitored every 24 hours by comparing total flows in and out of the IRZ as 
required by Part II.H.1 of the UIC Permit, and by monitoring every 24 hours the water levels in paired 
observation wells in accordance with the requirements of Part II.F.5 of the UIC Permit.  If hydraulic control 
is not indicated, the rate of injection will be decreased and/or the rate of recovery will be increased to achieve 
hydraulic control.   

K.3.5 Reporting and Maintenance of Records 

All data regarding operations, inspections, testing and responses will be collected, reported, and maintained to 
comply with the requirements of Part II.G of the UIC Permit, and described in detail in Attachment P of this 
Application.   
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ATTACHMENT K – INJECTION PROCEDURES

Component Monitoring Device Contingency Condition Possible Cause* Immediate Response (<24 hours) Follow-up Action
Injection Manifold Pressure Gage or Transducer with 

upper and lower set points
Pressure exceeds upper setting Improper pump setting, clogged screens, 

reduced formation permeability, obstructed wel
or equipment

Alarm in control room,  stop flow at  injection 
manifold

Restart injection at lower flow rates

Pressure below lower setting Line break, casing or screen breach Alarm in control room, stop flow at injection 
manifold

Repair system before restarting flow to injection manifold

Flow Meter Flow rate too high Improper pump setting, line break, injection 
well short circuit

Alarm in control room, stop or reduce flow  at 
injection manifold

Inspect/repair injection system, increase flow rates in adjoining 
recovery monifolds as necessary

Flow rate too low Improper pump setting, clogged screens, 
reduced formation permeability, obstructed wel
or equipment

Alarm in control room, reduce flow rates in 
adjoining recovery manifolds

Inspect/repair system, adjust injection flow rate as necessary

Totalizing Flow Meter Total in > Total out Loss of hydraulic control Reduce injection flow rate or increase recovery flow 
rate

See Part II.H.1 of UIC Permit

Injection Well Head Flow Off Power loss, line break Reduce recovery rate in adjacent wells Repair system, adjust flow rates as necessary.
Flow rate too high Improper pump setting, injection well short 

circuit, damaged well casinjg or equipment
Reduce injection flow rate as necessary Inspect/repair injection system

Flow rate too low Improper pump setting, reduced formation 
permeability, obstructed well or equipment

Reduce flow rates in adjoining recovery manifolds Inspect/repair system, adjust injection flow rate as necessary

Recovery Manifold Flow Meter Flow rate too high Improper pump setting Reduce recovery manifold flow rates as necessary Inspect/repair system, reduce recovery flow rate as necessary

Flow rate too low Improper pump setting, reduced formation 
permeability, obstructed well or equipment

Increase pump rate Inspect/repair system, reduce injection flow rate in adjacent 
manifolds as necessary

Totalizing Flow Meter Total in > Total out Loss of hydraulic control Reduce injection flow rate or increase recovery flow 
rate as necessary

See Part II.H.1 of UIC Permit

Recovery Well Head Flow Meter Flow Off Power loss Alarm in control room, stop injection in adjoining 
injection wells

Repair system before restarting injection

Pressure Transducer
(in selected wells only)

Fluid level too high Improper pump setting, short circuit in adjacent 
injection wells

Alarm in control room alarm, adjust pump setting, 
inspect well, reduce injection in adjoining wells as 
necessary

Inspect/repair recovery well and adjacent injection wells as 
necessary

Fluid level too low Improper pump setting, clogged screen,  
reduced formation permeability

Alarm in control room, automatic shut-off of pump Evaluate formation, restart well at lower flow rate if necessary

Lixiviant Distribution Tanks Level Indicators Fluid level too high Flow too low in injection manifolds or flow 
from raffinate pond too high

Alarm in control room, automatic shut-off of pumps 
at raffinate pond

Inspect/repair injection system, adjust pump settings at raffinate 
pond

Fluid level too low Flow too high in injection manifolds, line break
or omproper settings of raffinate pond 

Alarm in control room, automatic shut-off of 
injection pumps

Inspect/repair injection/raffinate system, adjust pumps at 
raffinate pond

PLS Tanks  Level Indicators Fluid level too high Recovery rate too high, or flow to injection 
manifolds or to PLS pond too low

Alarm in control room, automatic shut-off of 
recovery and injection wells

Inspect/repair injection system, adjust pumps to PLS pond and 
injection manifolds

Fluid level too low Recovery rate too low or flow to PLS pond or 
to injection manifolds too high

Alarm in control room, automatic shut-off of  
injection wells

Inspect/repair injection/recovery system; inspect/repair lines to 
injection manifolds and PLS pond

Observation Wells

*Faulty monitoring devices will be evaluated as a possible cause of each contingency condition.
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Table K-1.  Injection Procedures - ISCR Area Operations

Pressure Transducer Head in observation well < 
Head in recovery well

Loss of hydraulic control Increase recovery flow rate or decrease injection 
flow rate as necessary

See Part II.H.1 of UIC PermitExternal 
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Exhibit K-1 

ISCR and SX/EW Flow Sheet 
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L.1 Introduction 

This Attachment L has been prepared in support of an application (Application) by Curis Resources 
(Arizona) Inc. (Curis Arizona) to the United States Environmental Protection Agency (USEPA) to transfer, 
with amendments, Underground Injection Control Class III (Area) Permit No. AZ396000001 (UIC Permit) 
from Florence Copper Inc. (Florence Copper) to Curis Arizona.  The USEPA first issued the UIC Permit to 
BHP Copper Inc. (BHP Copper) on May 1, 1997.  The UIC Permit was subsequently transferred, with 
amendments, from BHP Copper to Florence Copper in December 2001. 

Curis Arizona is proposing to develop an in-situ copper recovery (ISCR) facility, the Florence Copper Project 
(FCP), which will consist, in part, of a closely spaced array of Class III injection wells and recovery wells.  The 
proposed ISCR area is approximately 212 acres in size, and has been divided into resource blocks that are 
currently assigned a surface area of approximately 500 feet square (5.7 acres).  Each resource block is 
expected to include approximately 60 injection and recovery wells.  Each of the injection and recovery wells 
will be constructed to Class III injection well standards to ensure the protection of underground sources of 
drinking water, to allow operational flexibility, and to maximize copper recovery.  Well installation will 
proceed in phases, and well closure and restoration will also proceed in phases as resource blocks are closed.  
Although not all wells will be constructed or operated at one time, over the life of the facility approximately 
2,500 Class III wells may be constructed at the FCP site. 

Details of the proposed well design are presented in Attachment M of this Application.  Based on formation 
conditions, Curis Arizona may find it necessary to construct some wells without using the well screen and 
filter pack shown in Attachment M.  If formation conditions prove that it is necessary to construct some 
wells without well screen and filter pack, all other elements of the well design shown in Attachment M will be 
applied.  This attachment includes a description of the well construction methods that will be applied to wells 
constructed with or without well screen.  

This attachment describes procedures that will be used to construct the proposed Class III injection and 
recovery wells.  This attachment does not include a description of downhole equipment that will be used 
during ISCR operations.  Downhole equipment may include submersible pumps, injection tubing, orifice 
plate assemblies, packer assemblies, fluid level instruments, well cleaning tools and other equipment.    

L.2 Well Construction  

Well construction descriptions herein include details of drilling, open-hole geophysics, casing and annular 
conductivity devices (ACDs), screen and filter pack installation, cementing, cased-hole geophysics, injection 
interval, and proposed changes and workovers. 

L.2.1 Borehole Drilling  

Borehole drilling consists of drilling a relatively large diameter borehole to accommodate installation of 
surface casing to a depth of 20 feet, then drilling a narrower borehole from the bottom of the surface casing 
to the planned total depth of the well.  The surface casing boring will be drilled by the auger or rotary 
method, and will be of a diameter of sufficient size to allow installation of the surface casing and annular seal 
described in Attachment M.  The surface casing will be installed with the top of the surface casing above land 
to accommodate the mud-rotary drilling equipment.  The annular seal will consist of cement grout installed in 
the annulus between the surface casing and the borehole, using the tremie method or displacement method.  
The surface annular seal will extend from the land surface to the total depth of the surface casing. 

The borehole in which the well will be constructed will be drilled from the bottom of the surface casing 
borehole to approximately 10 feet below the bottom of the oxide zone using the direct mud rotary, reverse 
circulation mud rotary, or a casing advance drilling method as conditions require.  The well boring will be of a 
diameter of sufficient size to allow installation of the well casing and annular materials described in 
Attachment M.   
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L.2.2 Open-Borehole Geophysics 

Limited open-hole geophysical logging will be conducted in all open boreholes, and may include common 
tools such as caliper, gamma-ray, temperature, deviation survey, and electrical logs but may be expanded to 
include other surveys as necessary.   

L.2.3 Well Casing Installation 

The well will consist of blank casing material in the upper part of the well from land surface to 40 feet below 
the top of bedrock.  If well casing is to be installed in the injection zone below, it will consist of one or more 
screened intervals separated by blank casing segments, to the bottom of the well.  Casing materials for 
injection and recovery wells will be designed to resist corrosion, not fail in tension, and not collapse or burst.  
Proposed casing materials are described in Attachment M.   

During the installation of the well casing and screen, the borehole will be kept full of drilling fluid and free of 
any obstructions detrimental to completing casing installation.  The well casing and screen will be centered in 
the hole so as not to interfere in any way with the complete well installation.  Casing installation will continue 
on a 24-hour per day, 7-day per week basis, until completed. 

Casing centralizers will be secured to the well casing and screen at 40-foot intervals, as shown in 
Attachment M.  The casing and screen will be hung in suspension, centered in the borehole, until the filter 
pack and cement grout seal have been installed. 

In accordance with Part II.C.3 of the UIC Permit, one ACD will be attached to the exterior of the well casing 
at a point as close as possible to the top of the Middle Fine-Grained Unit (MFGU), and no more than 20 feet 
above the MFGU.  The ACD will consist of a pair of metal bands spaced one meter apart and connected to 
electrical wires which extend to the surface.  The ACD will be used to demonstrate and monitor Part II 
mechanical integrity of the well, in accordance with Part II.F.6 of the UIC Permit and as described in section 
P.5.3 of Attachment P of this Application.  Refer to Attachment O, Section O.3.3, for a description of 
alternatives to demonstrate Part II mechanical integrity should the ACD be damaged.  A schematic diagram 
of the ACD is included in Attachment M. 

During casing installation, a suitable two-inch diameter metal tremie pipe will be installed into the annular 
space between the well casing and the borehole wall.  The tremie pipe will be used to place formation 
support, such as gravel and/or sand filters, adjacent to screened casing intervals and to install bentonite or 
cement grout adjacent to blank casing intervals to form hydraulic seals within the annular space between the 
blank casing intervals and the borehole wall.  The tremie pipe will be removed from the well as construction 
and sealing operations are completed.   

L.2.4 Filter Pack and Intermediate Seal Installation 

Drilling fluid will be maintained throughout the full depth of the well to land surface, and the well casing and 
screen will be hung in tension until the filter material placement has been completed to the specified level, 
while the filter pack and intermediate seal materials are installed.  During the time of placement, fluid 
circulation will be maintained through a swab block located inside the well screen and approximately 40 feet 
below the fill depth of the fill material.  The swab block will be periodically reciprocated to remove fine-
grained material, prevent bridging, and aid in settling the filter pack in the borehole. 

Filter pack (i.e., silica sand) will be placed to continuously fill the annulus to the specified level.  Filter pack 
will be installed by use of the tremie pipe.  At no time will the bottom of the tremie pipe be located at a 
distance of greater than 40 feet above the interval being filled during placement.  Materials will be placed to 
completely fill the annulus to the specified intervals.  As required by formation conditions, intermediate 
bentonite seals may be installed at selected intervals within the filter pack as shown in Attachment M, or no 
intermediate seals.  Bentonite seals will be installed using the same tremie pipe used for placing filter pack 
sand. 
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The tremie pipe will be moved upward during installation of these sand and bentonite intervals, until the filter 
pack is installed above the uppermost well screen interval.  The level of the filter pack will be measured 
periodically during placement with a wireline sounder.  Placement of the materials will be continuous, except 
when additional precautions are necessary to prevent bridging or when measurements of the level are being 
conducted.  The quantity of materials placed in the annulus will not be less than that of the computed 
volume. 

The same tremie pipe will then be utilized for cementing the upper portion of the well casing. 

L.2.5 Cementing 

Once the well casing, screen, filter pack, and bentonite seals have been installed, the upper annulus will be 
cemented.  This will be accomplished by pumping a neat cement slurry down the tremie pipe, which will be 
positioned with the pipe’s lower end near the bottom of the bedrock exclusion zone and above the top of the 
last filter pack/bentonite seal, forcing the cement to fill the annular space from the bottom of the exclusion 
zone to ground surface.  This method is preferred over the displacement method, which can over-pressure or 
possibly distort the well. 

In the event that formation conditions require wells to be constructed without well screen and filter pack, 
cementing may be accomplished by pumping the cement slurry down the well casing and up the annulus prior 
to drilling below the bottom of the exclusion zone. 

Cement grout will be placed to completely fill the annulus between the well casing and the borehole wall to 
the specified level.  Prior to pumping, the cement grout will be passed through a ½-inch slotted bar strainer in 
order to remove any unmixed lumps.  During the cement grout installation, the discharge end of the tremie 
pipe will be continuously submerged in the grout until the zone to be grouted is completely filled. 

The well casing will be hung in tension until the cement grout has cured.  The well casing will be filled with a 
fluid of sufficient density to maintain an equalization of pressures to prevent collapse of the well casing 
during cementing.   

Cement will consist of sulfate-resistant Portland Type V cement or suitable substitute approved by the 
Director.  Curis Arizona will submit the following information regarding proposed substitute cement: 

1. The results of an immersion test demonstrating resistance to pregnant leach solution (PLS) or 
equivalent mass samples of Type V cement and any proposed substitute; 

2. A comparison of the percentage weight change between samples; and 
3. An acceptable substitute will experience little visual change, a weight loss or gain within 5 to 

8 percent, and no significant change in compressive strength. 

Water and/or appropriate mud-breaker chemicals will be circulated through the tremie pipe prior to 
cementing to reduce drilling mud viscosity and assist in removal of mud from the borehole-casing annulus.  
The cement slurry will be pumped at the greatest flow rate possible to promote removal of bentonite mud 
from the annular space, and enhance bonding between the cement and the casing and the formation.  An 
excess quantity of cement will be pumped into the annular space in order to verify “clean” cement slurry 
returns from the well prior to terminating the cementing procedure.  Following installation, the cement slurry 
will be allowed to cure for a minimum of 24 hours before performing additional operations on the well. 

L.2.6 Cased-Hole Geophysics 

Cased-hole geophysical surveys may be conducted to assess the final well construction.  These may include 
methods such as downhole flowmeter surveys and differential temperature logs to define the variation in 
hydraulic conductivity, or flow profile, within the screened interval of the well.  Cement bond logs may be 
conducted to gather information about the annular cementing, provided they produce useful information in 
the low-density casing material used in well construction.  Additional surveys may be conducted as required. 
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L.3 Injection Interval 

Fluids will only be injected at depths greater than 40 feet below the top of the copper oxide formation unless 
Curis Arizona has received written approval from the Director to expand the injection interval.  To ensure 
that the injection interval is at least 40 feet below the top of the copper oxide formation, Curis Arizona will 
case and cement all injection wells from ground surface to at least 40 feet below the top of the copper oxide 
formation.  Curis Arizona may develop the injection interval for each well by installing well screen and short 
blank casing sections through the oxide interval below the bedrock exclusion zone, or may inject into the 
open borehole below the bedrock exclusion zone. 

L.4 Proposed Changes and Workovers 

Curis Arizona will give advance notice to the Director, as soon as possible, of any planned alterations or 
additions to the construction of permitted injection wells.  Following a well workover, a demonstration of 
mechanical integrity will be performed prior to resuming injection activities, in accordance with Part II.E.2 of 
the UIC Permit. 
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M.1 Introduction 

This Attachment M has been prepared in support of an application by Curis Resources (Arizona) Inc. (Curis 
Arizona) to the United States Environmental Protection Agency (USEPA) to transfer, with amendments, 
Underground Injection Control Class III (Area) Permit No. AZ396000001 (UIC Permit) from Florence 
Copper Inc. (Florence Copper) to Curis Arizona.  

This attachment provides details of the Class III injection well design including schematic drawings showing 
construction details of injection and recovery wells.  In the following discussion the Class III injection wells 
are referred to as injection and/or recovery wells.  This attachment does not include a description of 
downhole equipment that will be used during in-situ copper recovery (ISCR) operations.  Downhole 
equipment may include submersible pumps, injection pipes, orifice plate assemblies, packer assemblies, fluid 
level instruments, and well cleaning tools.    

M.2 Multi-Use Wells 

During the operation of the ISCR area, an individual Class III well will serve multiple uses throughout its life 
cycle.  A well may serve as an injection well, a recovery well, a perimeter well, or an observation well.  
Perimeter wells will be installed along the edges of resource blocks or operational units to provide hydraulic 
control.  Observation wells will be paired with designated perimeter wells for measuring hydraulic gradients; 
some observation wells may be equipped to collect samples at one or more depth intervals.  Regardless of 
use, each of the wells will meet the specifications provided in the UIC Permit for Class III injection wells.  As 
a result, all ISCR wells will be designed and constructed in accordance with standard designs as described in 
the following subsections.  Although the ISCR wells are designed to accommodate multiple uses, they will 
generally be referred to as injection and recovery wells unless the context requires otherwise. 

M.3 Well Design 

Well design details are shown on Drawings M-1 through M-4.  The drawings are similar to drawings included 
in Attachment 9A of Curis Arizona’s January 31, 2011 application to the Arizona Department of 
Environmental Quality to amend Aquifer Protection Permit No. 101704 (APP).  Drawing M-1 shows details 
of a typical injection/recovery well.  Drawing M-2 shows detail of the well head for a typical 
injection/recovery well.  Drawings M-3 and M-4 show details of the annular conductivity device (ACD) that 
will be installed on all injection and recovery wells. 

M.3.1 Well Casing 

The surface casing will be low carbon steel manufactured in accordance with American Society for Testing 
and Materials (ASTM) Specification 153-89A (1989) Grade A (or better) steel.  This casing will be of a 
diameter sufficient to allow a minimum 2½-inch annular space between the casing wall and borehole wall to 
ensure that an adequate seal can be installed.   

The surface casing diameter will vary based on the diameter of the planned well casing to be installed.  
Because of the chemical environment in which the casing will be installed, fiberglass reinforced plastic (FRP), 
polyvinyl chloride (PVC), or other corrosive-resistant threaded casing will be used to complete the 
injection/recovery wells.  These casing materials will be of sufficient grade so that they will not fail in tension 
and will not collapse or burst, and will be chemically resistant to the planned sulfuric acid injectate solutions.  
Because of the varying depth of the injection zone across the ISCR area, different grades, weights, and sizes 
of casing will be used to meet the requirements above.   

Well screen made of PVC or other suitable material may be used in the lower portion of each 
injection/recovery well as necessary to keep the hole open and to provide the operational flexibility to isolate 
segments of the full length of the injection zone. 
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M.3.2 Casing Centralizers 

Casing centralizer will be installed on the well casing every 40 feet along the entire well casing, including 
screens where applicable.  The centralizers will be made of stainless steel and will be suitable for contact with 
injectate solutions. 

M.3.3 Screened Interval 

The screened interval will vary in length at each well and may include one or more screened segments within 
the full length of the injection zone.  Formation characteristics may require that wells be completed without 
well screen and filter pack within the injection zone.  If this proves to be necessary, all other aspects of the 
proposed design will remain in effect.  No screened interval will be installed higher than 40 feet below the 
Lower Basin Fill Unit (LBFU)/oxide bedrock contact.   

M.3.4 Annular Seal 

The annular seal will be installed from 40 feet below the LBFU/oxide bedrock contact to the surface.  The 
annular seal material will be cement and will be installed either by the tremie method or by the displacement 
method. 

M.3.5 Annular Conductivity Device 

The ACD will be installed on the well casing in a location that will be as close as possible to the top of the 
Middle Fine-Grained Unit (MFGU), and no more than 20 feet above the MFGU.  It will consist of a pair of 
metal bands spaced 3 feet apart, and connected to electrical wires which extend to the surface.  The ACD will 
be constructed of materials suitable for contact with the annular seal materials and the forecast injectate 
solutions.  Details of the ACD are presented in Drawings M-3 and M-4. 
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N.1 Introduction 

This Attachment N has been prepared in support of an application (Application) by Curis Resources 
(Arizona) Inc. (Curis Arizona) to the United States Environmental Protection Agency (USEPA) to transfer, 
with amendments, Underground Injection Control Class III (Area) Permit No. AZ396000001 (UIC Permit) 
from Florence Copper Inc. to Curis Arizona.   

As required for Attachment N under USEPA Form 7520-6, this document includes a description of the 
changes that are anticipated to occur in the injected fluids between the time of injection and recovery.  
Specifically, this Attachment addresses the expected changes in pressure of the injected fluid, displacement of 
native fluid, and the direction of movement of the injected fluid.    

N.2 Background 

The in-situ copper recovery (ISCR) facility proposed by Curis Arizona, referred to as the Florence Copper 
Project (FCP), will consist, in part, of a closely spaced array of Class III injection and recovery wells that will 
extract copper from a highly fractured porphyry copper oxide deposit located in the upper portion (oxide 
zone) of the bedrock beneath the FCP site.  The oxide zone is located below the water table at depths ranging 
between approximately 375 and 1,200 feet below ground surface. 

The oxide zone consists of a fractured bedrock mass overlain by approximately 400 feet of alluvial sediments 
that become increasingly consolidated with depth.  Silt and clay strata within the alluvial sediments are 
contiguous and sufficiently extensive to create confined to semi-confined aquifer conditions within the oxide 
zone.  The ambient groundwater elevation is between 200 and 230 feet above the top of the oxide zone.  The 
uppermost 40 feet of the oxide zone is excluded from injection to inhibit the vertical migration of injected 
fluid into overlying alluvial sediments.  Detailed cross sections showing the oxide zone, and the distribution 
of alluvial sediments and confining strata of clay and silt within the alluvial sediments are included in 
Attachment F.   

Each array of injection and recovery wells will be arranged in a five-spot pattern that effectively surrounds 
each injection well with four recovery wells.  Approximately 2,500 Class III injection and recovery wells may 
be installed and closed at the FCP site over the course of the estimated 20-year project life.  The injection 
wells will be used to inject a dilute sulfuric acid solution (injectate solution or lixiviant) into the oxide zone to 
dissolve the copper oxide minerals and liberate the copper into solution.  The resulting copper-laden solution, 
referred to as pregnant leach solution (PLS), will be pumped from the formation by the recovery wells.  
Copper will be recovered from the PLS by means of a solvent extraction/electrowinning (SX/EW) process.  
Once copper has been recovered, the chemistry of the “barren” PLS solution (raffinate) will be adjusted and 
re-injected as lixiviant back into the oxide zone. 

Injection and recovery flow rates will be carefully balanced to ensure that more fluid is recovered than 
injected, thereby ensuring an inward hydraulic gradient within the area that injection and recovery is occurring 
(injection and recovery zone or IRZ).  As development of the ISCR area progresses, new injection and 
recovery wells will be brought on-line to facilitate efficient operation of the SX/EW plant, and will be taken 
off-line when the copper grade of the PLS produced from a particular area drops below economically-
recoverable levels.  The aggregate flow rate from the recovery wells will be governed by the capacity of the 
planned SW/EW plant and the need to maintain the inward hydraulic gradient.  Recovery rates will be greater 
than the aggregate flow rate of injected solutions and approximately equal to the 11,000 gallon per minute 
(gpm) nominal design capacity of the SX/EW plant.  The number of active wells operating at any given time 
is anticipated to be essentially constant. 

The injection pressure will be closely controlled such that it remains below the fracture pressure of the rock 
within the oxide zone, but high enough to overcome ambient hydrostatic pressure and drive the injected 
solution toward the recovery wells.  With the exception of a relatively small make-up stream, and a small 
bleed steam, and some of the rinse water used during closure operations, the injected solution will be recycled 
for the duration of ISCR operations. 
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The proposed ISCR facility design and operation is closely based on data and observations generated by BHP 
Copper Inc. (BHP Copper), a previous owner of the FCP site, during its construction and operation of a 
limited, pilot-scale ISCR test.  The test was conducted at the site from late 1997 to early 1998 for the purpose 
of demonstrating the feasibility of hydraulic control of ISCR solutions (i.e., the ability to maintain an inward 
hydraulic gradient during injection and recovery operations).  The test successfully demonstrated that 
hydraulic control could be maintained.   

N.3 Changes in Pressure of Injected Fluid 

In accordance with the UIC Permit, maximum allowable injection pressures are calculated for each well by 
multiplying a pre-determined factor by the depth from the top of casing at ground surface to top of the 
injection interval.  Variations in depth of the oxide zone from ground surface means the depth of the 
injection interval from well to well will vary, which in turn means there will be variation in the maximum 
allowable injection pressures from well to well.  Although the maximum allowable injection pressures will 
vary, the injection flow rate at each well is expected to remain approximately uniform per foot of injection 
interval.  Planned injection rates and pressures are presented in Attachment H of this Application. 

As described above, each injection well will be paired with four recovery wells arranged in a five-spot pattern 
around.  The recovery wells will be located approximately 71 feet from the injection well.  The aggregate 
pumping rate at the recovery wells will exceed the aggregate injection rate to ensure that hydraulic control will 
be maintained at all times.  Because each injection well will be surrounded by nearby recovery wells pumping 
at carefully controlled rates, the pressure influence generated by injection at a typical injection well will 
attenuate relatively rapidly. 

The current UIC Permit allows injection at pressures up to 0.65 pounds per square inch per foot (psi/ft) of 
depth from top of casing to the top of the injection interval, but typical injection pressures are expected to be 
somewhat lower due to the favorable hydraulic conductivity characteristics of the oxide zone.  The hydraulic 
conductivity of the oxide zone is great enough that, during the 1997 test, BHP Copper was able to inject at 
their design flow rate of 40 gpm without fully filling the injection well casing with lixiviant or pressurizing the 
well heads above atmospheric pressures.  

The pressure generated at the top of the injection zone during the 1997 test was generated exclusively by the 
weight of the equilibrium column of lixiviant standing inside the well casing with no supplementary 
mechanical pressure applied.  Because a column of lixiviant generates pressures equivalent to approximately 
0.45 psi/ft of depth, filling the casing completely with lixiviant alone will not generate enough pressure to 
reach the 0.65 psi/ft limit without additional mechanical pressure applied.  No data are available describing 
the elevation of lixiviant within the injection wells during the 1997 test. 

In order to simulate the change in pressure of the injected fluid between a typical injection well and the 
associated recovery wells, Brown and Caldwell constructed a computer-based numerical groundwater flow 
model using MODFLOW (Harbaugh et al., 2000).  MODFLOW is a modular, finite-difference, three-
dimensional groundwater flow modeling code originally developed by the United States Geological Survey.   

The groundwater flow model was built using geologic information, formation characteristics and hydrologic 
properties of the oxide zone that were measured during characterization of the oxide zone prior to the 1997 
test.  The model assumes homogeneous and isotropic conditions within the oxide zone, and so cannot be 
used to predict fluid migration within discrete, unidentified flow paths within the oxide zone.    

The model simulated the operation of 25 injection wells and 36 recovery wells; a total of 61 wells located 
within one “resource block” measuring 500 feet by 500 feet in plan view.  This well array was chosen because 
the groundwater model simulating operation of 61 wells within a 500 foot square area provides a field big 
enough to be free of boundary influences and is sufficient to examine the interaction between one injection 
well and the surrounding associated recovery wells located at the center of that 500 foot square area. 
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In the model, injection wells were evenly spaced 100 feet apart, and recovery wells were also spaced 100 feet 
apart in alternating offset rows to create an array of five-spot patterns.  The distance between each injection 
well to the nearest recovery well was approximately 71 feet.   

The well array for the model was constructed in a portion of the oxide zone representing average depth and 
thickness conditions.  Thus, the thickness of the oxide zone at each well site and the corresponding length of 
the injection interval of each of the 25 simulated injection wells were uniform.  A uniform injection rate of 
55 gpm under confined aquifer conditions was used at each well.  This injection rate approximately 
corresponds to a typical, proposed injection rate of 0.15 gpm per foot of injection interval over a typical 
injection interval of 360 feet, as described in Table H-2 and Attachment H to this Application.  During the 
model run, the simulated recovery wells within the interior of the well field withdrew PLS at a rate of 55 gpm, 
and recovery wells at the perimeter of the well field withdrew PLS at reduced rates to balance the injection 
and recovery rates necessary for maintaining hydraulic control. 

Model results indicate that injection at 55 gpm over an injection interval of 360 feet will generate a pressure 
of approximately 11 psi above ambient hydrostatic pressure at the top of the injection interval.  An increase 
of 11 psi above hydrostatic pressure is sufficient to drive native groundwater upward approximately 25 feet if 
aquifer conditions were unconfined.  However, the oxide zone exists in confined to semi-confined aquifer 
conditions, so no physical injection mound will be created at the water table.  The 11 psi pressure response at 
the top of the injection interval adjacent to the injection well represents a dynamic piezometric response that 
will not translate into extensive vertical migration of injected fluids.  

Model results also indicate that hydrostatic pressure at the recovery well will be reduced by 11 psi due to 
pumping at the recovery well; a drop sufficient to lower native groundwater levels by approximately 25 feet if 
aquifer conditions were unconfined.  As with the pressure response at the injection well, this pressure drop at 
the recovery wells represents a dynamic piezometric effect that will not translate into a cone of depression at 
the water table, but will serve to draw injected fluid toward the recovery wells.   

The total pressure differential between the typical injection and recovery well is 22 psi, equivalent to a change 
in head of 50 feet over a horizontal distance of 71 feet.  This change in pressure is a dynamic piezometric 
effect that will not result in changes at the water table because aquifer conditions within the oxide zone are 
confined to semi-confined. 

N.4 Native Fluid Displacement 

Native formation fluid within the oxide zone consists of groundwater residing in fractures and is of a quality 
generally suitable for irrigation or industrial uses.  No drinking water wells exist within the oxide zone or the 
overlying alluvial sediments within the bounds of the Aquifer Exemption granted by USEPA in conjunction 
with the UIC Permit. 

At the commencement of injection and recovery, native groundwater will be withdrawn from the fractures of 
the oxide zone through the recovery wells and will be replaced with injected fluid.  Consequently, at startup, 
displacement of native fluid will consist of extraction of native fluid and subsequent replacement by injected 
fluid. 

Injection and recovery rates will be closely balanced to ensure full recovery of the injected fluid.  The 
aggregate recovery rate will be slightly higher than the aggregate injection rate to ensure that more fluid is 
withdrawn than is injected, and to maintain the necessary inward hydraulic gradient until groundwater quality 
within the IRZ is restored to the level required by the UIC Permit.  The inward hydraulic gradient will cause 
groundwater to flow toward the active portion of the ISCR facility from surrounding areas. 

Because injection and recovery rates will be closely balanced, net groundwater extraction within the ISCR area 
will consist of the amount of groundwater pumped to maintain hydraulic control.  This volume of water has 
been estimated to be approximately 660 gpm, when the full 11,000 gpm production capacity of the SX/EW 
plant is attained (see Exhibit K-1 in Attachment K of this Application).  During commercial operations, 
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withdrawal of the net 660 gpm will be distributed around the perimeter of an area approximately 45 to 
57 acres in size, resulting in a relatively modest groundwater flow rate into the perimeter of the active ISCR 
area. 

N.5 Direction of movement of Injected Fluid 

As explained above, each injection well will be surrounded by four recovery wells constructed to withdraw 
fluid at the same elevation within the oxide zone at which it is injected.  The recovery wells will be evenly 
spaced in a square pattern around each injection well at a distance of approximately 71 feet from the injection 
well.  The top of the injection interval will be a minimum of 40 feet below the top of the oxide zone. 

The 1997 test conducted by BHP Copper demonstrated that this proposed well design, pattern, and spacing 
can be used successfully to induce horizontal well-to-well flow within the oxide zone.  The current 
groundwater model constructed by Brown and Caldwell using formation-specific geologic and hydrologic 
properties also demonstrated that horizontal fluid flow could be induced between wells constructed in the 
oxide zone.  Model results indicate that when injection and recovery rates are closely balanced, well-to-well 
horizontal flow will be induced with a dynamic vertical flow component of approximately 25 feet.  This 
means that pressure generated by injection at the typical rate of 55 gpm into an injection interval of 360 feet 
will cause the injected fluid to flow horizontally from the injection well to the recovery wells located 71 feet 
away, while generating a relatively modest vertical pressure influence of 25 feet.   

The bedrock underlying the oxide zone is effectively impermeable, so downward flow of injected solutions is 
not expected.  The oxide zone is underlain locally by a zone of sulfide mineralization that occurs in the same 
quartz monzonite and granodiorite rocks that compose the oxide zone, and is of unknown lateral and vertical 
extent.  The fracture frequency and resulting permeability of the fracture network within the sulfide zone 
beneath the proposed ISCR area is significantly less than that observed in the overlying oxide zone.  For this 
reason, no ambient downward flow of injected fluid is anticipated, and no recovery wells will be constructed 
in the sulfide zone to induce downward flow of injected fluid.    

N.6 References 

Harbaugh, A.W., Banta, E.R., Hill, M.C., and McDonald, M.G., 2000.  MODFLOW-2000, The U.S. Geological 
Survey Modular Ground-water Model – User Guide to Modularization Concepts and the Ground-water Flow Process.  
U.S. Geological Survey Open-File Report 00-92. 
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O.1 Introduction 

This Attachment O has been prepared in support of an application (Application) by Curis Resources 
(Arizona) Inc. (Curis Arizona) to the United States Environmental Protection Agency (USEPA) to transfer, 
with amendments, Underground Injection Control Class III (Area) Permit No. AZ396000001 (UIC Permit) 
from Florence Copper Inc. (Florence Copper) to Curis Arizona.  

Curis Arizona is submitting this Application so that it may proceed with the development of an in-situ copper 
recovery (ISCR) project, referred to as the Florence Copper Project (FCP).  Consistent with 40 Code of 
Federal Regulations (40 CFR) 146.34(a)(14), this attachment describes “Contingency plans to cope with all 
shut-ins or well failures so as to prevent the migration of contaminating fluids into underground sources of 
drinking water.”  Wells subject to the requirements of 40 CFR 146.34(a)(14) include all ISCR wells (injection 
wells, recovery wells, perimeter wells, and observation wells).  Drawing M-1 of Attachment M of this 
Application includes a diagram of the typical construction of injection and recovery wells.  The same general 
design applies to perimeter and observation wells. 

As discussed in Attachment K of this Application, Curis Arizona is proposing to phase the development of 
the FCP.  Phase 1 will involve the construction and operation of a Production Test Facility (PTF).  The PTF 
will include the installation and operation of an array of 24 ISCR test wells, pilot-scale test facilities, and a 
temporarily-located solvent extraction/electrowinning (SX/EW) plant.  The PTF will be used to evaluate 
equipment and treatment technologies that may be employed during Phase 2 to conserve water and to reduce 
the amount of water and sediment placed in water impoundments.  Phase 2 will involve constructing and 
operating the facilities required for full-scale commercial operation of the FCP, including the sequential 
development, operation, and closure of multiple well arrays (managed as “operational units”) over the life of 
the FCP.  The requirements of 40 CFR 146.34(a)(14) apply to both Phase 1 and Phase 2 wells.  

In this attachment, Curis Arizona describes the proposed operational environment that will ensure that in-situ 
solutions do not migrate to underground sources of drinking water (USDWs), and describes the contingency 
plan for managing well failures.  Some amendments are proposed to the UIC Permit, to clarify language.  
Reference is made, in italic text, to specific sections of the current UIC Permit, with suggested amendments 
shown as red and/or struck-out italic text.   

O.2 Operational Environment 

The primary operational mechanism for preventing the migration of in-situ solutions (or “fluid” as defined at 
40 CFR 146.3) to USDWs is hydraulic control.  As explained in Attachment K of this Application, ISCR 
operations will be conducted to ensure that hydraulic control is maintained at all times in all portions of the 
oxide zone undergoing injection and recovery (injection and recovery zone or IRZ)  

Hydraulic control of an IRZ will be maintained from the time that injection of lixiviant (dilute sulfuric acid 
solution used to dissolve mineralized copper from the oxide bedrock) commences until after all economically-
viable copper has been extracted from the IRZ and groundwater has been restored to a quality that meets 
criteria specified in the UIC Permit and in the related Aquifer Protection Permit No. 101704 (APP).   

Hydraulic control of an IRZ is achieved when the amount of in-situ solutions and groundwater pumped from 
an IRZ during each 24 hours exceeds the amount of lixiviant or stacking solutions injected into the IRZ.  
This can be accomplished by either excess pumping at the recovery wells, or by setting the recovery rates to 
be approximately equal to the injection rates and using perimeter wells to withdraw the excess amount of 
groundwater required to maintain hydraulic control.   

At the FCP, hydraulic control will be monitored by comparing water levels in selected well pairs located 
equidistant around the perimeter of the operational unit boundary.  At least four well-pairs will be installed.  
Each pair will consist of an observation well paired with a nearby recovery well or perimeter well.  The 
recovery/ perimeter wells will be located along the edge of the operational unit.  The observation wells will be 
located outside the operational unit.  The paired wells will be screened over the same interval in which 
injection and recovery is occurring.   
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Pressure transducers installed in each well pair will be used to continuously measure and record groundwater 
levels.  At least once every 24 hours, the groundwater levels in each well pair will be reviewed.  Injection rates 
will be decreased and/or recovery rates will be increased to create and maintain an inward hydraulic gradient 
if the groundwater level in the recovery or perimeter well, whichever is applicable, is equal to or higher than 
the groundwater level in the observation well.   

The contingency plan described below is based on the premise that all new ISCR wells will be constructed to 
the same basic design as described in Attachments L and M of this Application, although the equipment 
inside the wells will vary according to each well’s use.  Each injection well will have an injection tube 
conveying injected solutions from the well head to the interval in the oxide zone where injection is occurring.  
Each recovery well will have tubing connecting a pump to the well head.  To protect the well’s functionality, 
the pump will be located at a depth below the anticipated maximum drawdown level.  Each perimeter well 
will be equipped with a pump to maintain hydraulic control.   

Because all ISCR wells will have the same basic design, the well function (injection, recovery, or observation) 
can be switched by changing the equipment in the well and changing manifold connections.  For example, the 
pressure transducer and pump can be removed from a perimeter well, appropriate tubing can be installed, and 
the well can then be used as an injection well.  

O.3 Contingency Plan Elements 

This contingency plan describes proposed responses to shut-ins (wells removed from service) and well 
failures.  It does not apply to wells that are closed as part of permanently closing an operational unit in 
accordance with the provisions of Part II.I – Restoration and Plugging and Abandonment of the UIC Permit.  
It also does not apply to wells undergoing normal operations, maintenance, or repairs such as the installation 
and removal of pumps, clearing the well, or other activities that do not result in changes to a well’s casing, 
depth, cement seals, or to the length or size of the well’s screens. 

Curis Arizona proposes several responses to a variety of contingency conditions for ISCR operations.  In 
general, wells will be removed from service promptly following the detection of a well failure.  Each failed 
well removed from service will be promptly evaluated to determine whether the well should be repaired or 
abandoned.  If it is determined that the well should be abandoned, the well will be abandoned in accordance 
with the Plugging and Abandonment Plan described in Attachment Q of this Application.  If the well can be 
repaired, it will be repaired and placed back into service.   

Contingency conditions, responses and proposed follow-up actions are summarized in Table K-1 of 
Attachment K. 

O.3.1 Well Failures 

Well failures may occur as a result of a loss in the mechanical integrity of a well, failure due to clogged or 
damaged screens, or a failure in well equipment.  The potential for well failure will be monitored by the 
system controls described in Table K-1, and may be identified by significant changes in injection pressure, in 
injection or recovery flow rates, in annular conductivity measurements as described in Attachment P of this 
Application, or in water levels measured to verify hydraulic control.  Contingency responses are described 
below; the first two sections describe two methods for demonstrating mechanical integrity, a key aspect for 
determining if a well can be placed into service.   

O.3.1.1 Demonstrating Mechanical Integrity: Part I  

Pursuant to 40 CFR 144.51(q), a permittee must establish and maintain mechanical integrity prior to 
commencing injection in any well.  Pursuant to Part II.E.2(b) of the UIC Permit, the permittee must 
demonstrate mechanical integrity for all ISCR wells subsequent to their initial installation and at least once 
every five years thereafter, unless abandonment or closure occurs prior to that time.  As required by Parts 
II.C.5 and II.E.2(b)(i), mechanical integrity must also be demonstrated any time that a well change or 
workover occurs.   
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Part II.E.2(a) - Part I details a specific method for conducting a mechanical integrity test to verify that there 
are no significant leaks in a well casing, tubing or packer, in accordance with the requirements of 
40 CFR 146.8(a)(1).   

Curis Arizona operators will conduct the Part I mechanical integrity test in accordance with the provisions of 
Part II.E.2(a) - Part I of the UIC Permit, as proposed to be amended, as follows:   

Part II.E.2(a) – Well Operation, Mechanical Integrity, Methods for Demonstrating Mechanical Integrity: 

Part I:  Mechanical Integrity   Pursuant to 40 CFR 146.8(a)(1), the permittee shall demonstrate Part I of the mechanical 
integrity requirement by one of the following methods:  

(i) A packer will be installed immediately above the proposed injection interval, the wellbore will be completely filled 
with water, and a hydraulic pressure equal to or above the maximum operational wellhead injection pressure, but 
not exceeding the calculated allowable wellhead injection pressure, will be applied.  This test shall be for a 
minimum of thirty (30) minutes.  A well passes the mechanical integrity test if there is less than a five (5) percent 
decrease/increase in pressure over the thirty (30) minute period.  A well shall not be operated at injection pressures 
greater than the pressure applied during the mechanical integrity test.  For wells with multiple screened intervals, 
the packer schall be placed immediately above the highest screened interval. 

(ii)  An alternative method provided that the alternative method has been approved under 40 CFR 146.8(d). 

The following steps will be taken: 

1. Information regarding the test results will be compiled for inclusion in the quarterly report 
required by Part II.G.2(g) of the UIC Permit.   

2. If the test results indicate mechanical integrity of the well, no further Part I testing will be 
conducted; the test will be repeated in five years or sooner, if operational monitoring indicates a 
potential for well failure. 

3. If the test results indicate that mechanical integrity has not been demonstrated, a decision will be 
made to abandon or repair the well.  

4. If the decision is to repair the well, an advance notice will be submitted within five business days 
in accordance with Part II.C.5 of the UIC Permit and the well will be retested for mechanical 
integrity after the repairs have been completed.  

5. If the decision is to abandon the well, a report will be submitted in the next quarterly reporting 
period in accordance with Part II.E.2.C of the UIC Permit.  The abandonment and related 
reporting will proceed in accordance with the Plugging and Abandonment Plan and a decision to 
replace the abandoned well will be made in accordance with Section O.3.2 of this attachment. 

O.3.1.2 Demonstrating Mechanical Integrity: Part II  

Part II.E.2(a) - Part II of the UIC Permit addresses the requirements of 40 CFR 146.8(a)(2):  mechanical 
integrity testing relating to the detection of significant fluid movement into a USDW through vertical 
channels adjacent to the injection well bore.  There are three components:  demonstrating cementing success; 
a monitoring program; and, a provision for alternative methods.   

Curis Arizona will comply with the methods for demonstrating Part II mechanical integrity as presented 
below, with proposed amendments to clarify numbering: 
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Part II.E.2(a) – Well Operation, Mechanical Integrity, Methods for Demonstrating Mechanical Integrity: 

Part II:  Mechanical Integrity  Pursuant to 40 CFR 146. 8(a)(2), the permittee shall demonstrate Part II of the 
mechanical integrity requirement by the following methods:  

(ii)(i) Maintenance of cementing records to demonstrate complete filling of the annulus between the borehole wall and 
well casing with cement, and 

(iii) (ii) A monitoring program as defined at Part II.F.6 of this permit designed to verify the absence of significant fluid 
movement into an underground source of drinking water through vertical channels adjacent to the injection well 
bore.   

Or, instead of (ii) (i) and (iii) (ii) above,     

(iv)(iii) An alternative method, provided that the alternative method is a method listed in 40 CFR 146.8(c)(1), or is a 
method that has been approved by the Director as providing results equivalent to any of the methods listed in 
40 CFR 146.8(c)(1). 

Curis Arizona operators will conduct the Part II mechanical integrity test in the following manner, including 
contingency steps to be taken in the event that Part II mechanical integrity cannot be demonstrated.  

1. The volume of cement used to completely fill the annulus during well construction will be 
recorded and compared to the volume calculated to be required to fill the annulus (this volume 
will be based on a caliper log run prior to the installation of the well’s casing).  Part II of the 
mechanical integrity test will have been demonstrated if the volume of cement used to 
completely fill the annulus is equal to or more than the calculated volume.   

2. If the volume of cement used to completely fill the annulus is less than the calculated volume, a 
cement bond log will be run.  If the cement bond log shows more than 80 percent bond, the Part 
II mechanical integrity test will have been demonstrated.  If the cement bond log shows less than 
80 percent bond, the well will be deemed to have failed Part II mechanical integrity testing and 
the well will either be repaired or abandoned.   

3. If a well passes the cementing portion of the Part II mechanical integrity test, a baseline of 
conductivity readings will be established for the annular conductivity device embedded in the 
well’s annular space before the well is used for the injection or recovery of in-situ solutions (see 
Drawings M-3 and M-4 of Attachment M for construction details for the annular conductivity 
device). 

4. After the well is brought on-line, annular conductivity measurements will be collected on a 
quarterly basis.  If a conductivity device indicates a significant increase in conductivity over the 
last period of measurement, the measurements will be verified.  If the verification measurements 
verify a significant increase in conductivity, the well will be removed from service until 
mechanical integrity is demonstrated, as described below.  
• A Part I mechanical integrity test will be performed as described in Section O.3.1.1 above. 
• If Part I mechanical integrity is not demonstrated, the well will either be repaired and the Part I test 

repeated until Part I mechanical integrity is demonstrated, or the well will be abandoned.   
• If Part I mechanical integrity is demonstrated, a cement bond log will be performed to demonstrate 

Part II mechanical integrity.   
• If the cement bond is less than 80 percent, the well will either be repaired or retested for mechanical 

integrity.  If the cement bond log indicates a bond of at least 80 percent, Part II mechanical integrity 
will be deemed to have been demonstrated.   

• Cement bond logs will be conducted biennially for wells for which cement bond logs were used to 
demonstrate Part II mechanical integrity. 
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In accordance with the monitoring component of the Part II mechanical integrity test, Curis Arizona will 
undertake the following actions to document and record Part II test activities. 

1. All information regarding the cement volumetric tests required by Part II.E.2(a) - Part II(i) (as 
amended), will be compiled for inclusion in the quarterly report required by Part II.G.2(g) of the 
UIC Permit, and all annular conductivity monitoring information required by Part II.E.2(a) – 
Part II(ii) (as amended) of the UIC Permit will be compiled for inclusion in the next quarterly 
report as required by Parts II.E.2(b)(ii) and II.G.2(h) of the UIC Permit.   

2. If the test results indicate that mechanical integrity has not been demonstrated, a decision will be 
made to abandon or repair the well, or to test mechanical integrity according to an approved 
alternative method.  

3. If the test results with the alternative method indicate that mechanical integrity has been 
demonstrated, no further testing will be conducted; the test will be repeated in five years or 
sooner, if operational monitoring indicates a potential for well failure. 

4. If the decision is to repair the well, an advance notice will be submitted to the Director as soon 
as possible in accordance with Part II.C.5 of the UIC Permit, the well will be retested after the 
repairs have been completed, and the results of the repair and retest will be included in the next 
quarterly report as required by Parts II.E.2(b)(ii) and II.G.2(g) and (h) of the UIC Permit. 

5. If the decision is to abandon the well, a report will be submitted in accordance with Part II.E.2(c) 
of the UIC Permit, the abandonment and related reporting will proceed in accordance with the 
Plugging and Abandonment Plan, and a decision to replace the abandoned well will be made in 
accordance with Section O.3.2 of this attachment.  

If mechanical integrity cannot be demonstrated according to the methods described above, Curis Arizona 
may choose to test mechanical integrity using an alternative method, subject to approval by the Director and 
in accordance with Part II.E.2(a) – Part I(ii) or Part II(iii) of the UIC Permit, whichever is applicable. 

O.3.1.3 Other Well Failures  

Except as provided below, a significant change in injection pressure in a well occurring during normal 
operating conditions shall be reported to the Director in quarterly Part II.G.2 reports, pursuant to 
Part II.E.2(c) of the UIC Permit:  

1. If it is determined that a well failure has occurred and that the well will be repaired, a report will be 
submitted in accordance with Part II.C.5, as soon as possible, of any planned physical alterations or 
additions to the permitted injection wells.  Any changes in well construction (i.e., a well workover as 
described in Section O.3.5 below) will require prior approval by the USEPA and will be treated as a 
minor modification under 40 CFR 144.41.  Following a well workover, a demonstration of 
mechanical integrity shall be performed prior to resuming injection activities in accordance with 
Part II.E.2 of the UIC Permit.  

2. If it is determined that the well must be abandoned, a report will be submitted in the next quarterly 
reporting period in accordance with Part II.E.2.C of the UIC Permit.  The abandonment and related 
reporting will proceed in accordance with the Plugging and Abandonment Plan and a decision to 
replace the abandoned well will be made in accordance with Section O.3.2.  

However, failures related to clogged screens or filter packs and failures related to well equipment will be 
evaluated as they are detected, and in-plant maintenance orders will be issued and tracked to ensure timely 
repairs.  Such failures and related responses are considered part of normal operations and are not subject to 
the reporting requirements of Part II.C.5, Part II.E.2(c), or Part II.G.2. 

Any equipment failure in an observation well and/or recovery or perimeter well paired to the observation 
well that affects the ability to monitor hydraulic control will be repaired as soon as possible.   
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O.3.2 Replacement Wells  

If a well is abandoned, a replacement well may be installed if the failed well was to serve as an injection, 
recovery, or perimeter well.  If the failed well was to serve as an observation well for monitoring hydraulic 
control, it will be physically replaced unless the need for that particular well can be substituted by a new well 
to complete the pair (or new set of well pairs), subject to the new well(s) passing the mechanical integrity tests 
and being in a location approximately equidistant with other well pairs along the boundary of the operational 
unit.  The decision to replace or substitute observation wells will be reported in quarterly reports, in 
accordance with Parts II.G.2(g) and (h) of the UIC Permit. 

O.3.3 Loss of Hydraulic Control  

In the event of a loss of hydraulic control, and if a repair cannot be completed within 24 hours, the 
contingency response actions described in Part II.H.1(a)(1) through (4) of the UIC Permit will be 
implemented.  The response actions described in Part II.H.1(b)(1) through (4) of the UIC Permit will be 
implemented if the repair cannot be completed within 48 hours following the detection of the equipment 
failure. 

Curis Arizona proposes some amendments to the provisions of Part II.H.1, to clarify language.  They are 
shown below.  

Part II.H – Contingency Plans 

1. Loss of Hydraulic Control 
(a) The permittee shall initiate the following actions within 24-hours of becoming aware that the volume of 

fluids injected into an active mine block operational unit during a 24-hour period exceeds the amount of 
fluid recovered during the same 24-hour period: 

1. adjust the flow rate for the recovery and/or injection wells, 
2. inspect the injection and recovery lines, pumps, flow meters, flow totalizers, pressure gages, 

pressure transducers and other associated instruments and facilities, 
3. initiate pressure testing of wells if the loss of fluids cannot be determined to be caused by a 

surface facility failure, and 
4. repair system as necessary. 

(b)  The permittee shall initiate the following actions within 24-hours of becoming aware of the loss of 
hydraulic control within an active mine block operational unit for more than 48-consecutive hours.  A 
loss of hydraulic control occurs when the amount of fluid injected during a 48-hour period exceeds the 
amount of fluid recovered during the same 48-hour period.  Loss of hydraulic control is also indicated by 
a flat or outward gradient observed in any pair of observation wells over a 48-hour period.  The 
permittee shall: 

1. cease injection in the affected area, 
2. operate recovery wells until the amount of fluid injected in excess of the amount recovered during 

the 72-hour period is recovered, 
3. verify proper operation of all facilities within the operational unit, and 
4. perform any necessary repairs. 

(c)  In the next quarterly report, identify the loss of control and describe the causes and impacts of the loss of 
hydraulic control and the actions that were taken to correct the event. 

O.3.4 Water Quality Exceedances at POC Wells  

Part II.H.2 – Water Quality Exceedances at POC Wells, of the UIC Permit describes the contingency plan to 
be implemented after verifying an exceedance of an alert level (AL) or an aquifer quality limit (AQL) at a 
point of compliance (POC) well.  Curis Arizona proposes several amendments to Part II.H.2 with respect to 
simplifying the reference to FCP operational and closure periods and to ensure consistency with parallel 
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language in the APP.  For example, Curis Arizona anticipates commercial operations will occur over a 20-year 
period, and that full and permanent closure may be achieved before 30 years.  Curis Arizona therefore 
proposes to remove references to these time frames and simply refer to the monitoring schedule in Table 3 of 
the UIC Permit which effectively captures all situations.  Further, the time limit for conducting AL and AQL 
verification sampling in the UIC Permit is inconsistent with the parallel requirements in Part II.F.4 of the 
APP.   

Therefore, Curis Arizona requests that USEPA consider adopting key subsections of the contingency 
requirements for ALs and AQLs as set forth in Part II.F.4 of the APP and adding a new subsection (c) to the 
UIC Permit to clarify the requirement for verification sampling and to ensure consistency between the two 
permits.  The provisions of Part II.H.2, as proposed to be amended, are shown below.  

Part II.H – Contingency Plans 

2. Water Quality Exceedances at POC Wells.  The following contingency plans shall be followed after the verification of 
an AL or AQL exceedance in a POC well during the approximate 15-year mine life, or after the verification of an 
AQL exceedance in a POC well during the 30-year Post-Closure period sampling in accordance with Part II.F.4 of 
this permit: 

(a) Alert Level (AL) Exceedance during Operational Mine Life 

1. An AL exceedance will be declared if the initial sample and the verification resample(s) exceed the 
upper prediction limit calculated from the ambient water quality data.  The permittee shall collect a 
verification sample within fourteen (14) days of becoming aware of an exceedance of a federal AL listed in 
Table 1 or Table 2 of Part II.F.2 of this permit.   

2. The permittee shall notify the Director within five (5) days of becoming aware of the exceedance of an 
AL.Within five (5) days of receiving the results of verification sampling from the laboratory, the permittee 
shall notify the Director if the results verify an exceedance.   

3. If the results of verification sampling indicate that an AL has not been exceeded, the permittee shall 
assume that no exceedance has occurred and no further action is required until the next scheduled monitoring 
round. 

4. 3. Within thirty (30) days of receiving the laboratory results verifying that an AL has been exceeded, 
the permittee shall do the following: 

(a) Submit a written report to EPA providing an evaluation of the cause, impacts, or mitigation 
of the discharge responsible for the AL exceedance, or 

(b) Submit a written report to EPA which demonstrates that the AL exceedance resulted from 
an error(s) in sampling, analysis, or statistical evaluation. 

5. 4. Upon review of the report documenting the AL exceedance, the Director may require additional 
monitoring and/or action beyond those specified in this permit. 

(b) Aquifer Quality Limit (AOL) Exceedance during Operational Mine Life or Post-Closure Period 

1. The permittee shall notify the Director within five (5) days of becoming aware of an exceedance of a 
federal AQL as defined at Part II, Section F of this permit. 

1. 2.  The permittee shall collect a A verification sample shall be collected within five (5) fourteen (14) 
days of becoming aware of an exceedance of a federal AQL listed in Table 1 or Table 2 of Part II.F.2 of 
this permit. that an AQL has been exceeded. 

2. 3.  Within five (5) days of receiving the results of verification sampling from the laboratory, the 
permittee shall notify the Director if of the results verify an exceedance. , regardless of whether the results are 
positive or negative. 
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3. 4.  If the results of verification sampling indicate that an AQL has not been exceeded, the permittee 
shall assume that no exceedance has occurred and no further action is required until the next scheduled 
monitoring round. 

4. 5.  Within thirty (30) days of receiving the laboratory results verifying that an AQL has been 
exceeded, the permittee shall do the following: 

(a) Submit a written report to EPA providing an evaluation of the cause, impacts, or mitigation 
of the discharge responsible for the AQL exceedance, or 

(b) Submit a written report to EPA which demonstrates that the AQL exceedance resulted from 
an error(s) in sampling, analysis, or statistical evaluation. 

5. 6.  Upon review of the report documenting the AQL exceedance, the Director may require additional 
monitoring and/or action beyond those specified in this permit. 

(c)  Verification Sample Requirements 

The verification sample shall be collected only from the well in which an exceedance was detected and shall be 
analyzed for the constituents of Table 1 of Part II.F.2.  If the constituent that exceeded an AL or AQL is one 
that is listed in Table 2 of Part II.F.2 but not in Table 1, the verification sample shall be analyzed for all 
constituents listed in Table 1 and only for the constituent(s) from Table 2 that exceeded the AL or AQL. 

O.3.5 Reporting Requirements 

The UIC Permit currently has several reporting requirements related to well failures, shut-ins, changes, 
workovers, or abandonment.  Part II.E.2.c of the UIC Permit requires that notice be given to the Director if a 
well fails a mechanical integrity test, loss of mechanical integrity becomes evident during operations, or if 
there is a significant change in injection pressure during normal operating conditions.  Part II.C.5 of the UIC 
Permit requires advance notice and approval be given for proposed well changes or workovers (i.e., any 
physical alteration or addition to a well that results in a change in the composition, diameter, or depth of the 
well casing, or a change in the cement in the outer annulus).  Wells abandoned due to loss of mechanical 
integrity are also subject to the same UIC Permit reporting requirements.  If a shut-in well is repaired, the 
repairs may be subject to UIC Permit reporting requirements if the repairs are considered a change or 
workover, as above, and the well also may be required to undergo mechanical integrity testing before it is put 
back into service.   

Curis Arizona considers that some actions are not subject to UIC Permit reporting requirements.  For 
example, actions involving the clearing of wells and actions involving the installation, replacement, repair, or 
removal of well equipment such as transducers, pumps, and gages are considered part of routine maintenance 
and are not subject to the UIC Permit reporting requirements of Part II.C.5.  These actions are also not 
considered subject to the reporting requirements associated with Part II.E.2(c) (regarding loss of mechanical 
integrity of wells) or of Part II.G.2(g) through (i) (regarding results of mechanical integrity tests, annular 
conductivity monitoring, and well abandonment activities).   

Current reporting requirements are described below.  Curis Arizona proposes clarifying amendments to two 
of the requirements.  Each section begins with a short explanation of why the amendments are proposed.   

O.3.5.1 Reporting Requirements Related to Mechanical Integrity 

Reporting requirements related to mechanical integrity are described in Part II.E.2.c – Well Operation:  Loss 
of Mechanical Integrity.  Curis Arizona will comply with those requirements as presented.  No amendments 
are proposed.  
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Part II.E.2 – Well Operation, Well Integrity 

(c)  Loss of Mechanical Integrity  

If (1), a well fails to demonstrate mechanical integrity during a test, or (2), a loss of mechanical integrity becomes 
evident during operation, or (3), a significant change in the injection pressure occurs during normal operating conditions 
and requires a mechanical integrity test, the permittee shall notify the Director in accordance with Part II.G of this 
permit.  Furthermore, for new wells, injection shall not commence, and for operating wells, injection shall be terminated 
and not resume, until the permittee has taken necessary actions to restore integrity to the well and has demonstrated that 
the well has integrity as defined at (a), above. 

O.3.5.2 Requirements for Recordkeeping and Reporting 

The UIC Permit requirements for recordkeeping and reporting are described in Part II.G – Recordkeeping 
and Reporting.  Curis Arizona will comply with all requirements as presented, and proposes some minor text 
deletions and additions in several subsections of Part II.G.2 to ensure permit language is consistent with the 
APP and to clarify reporting periods: 

Part II.G.2 – Recordkeeping and Reporting, Reporting of Results  

(b) A table and graph showing daily cumulative injection flows and extraction flows in each active mine block 
operational unit over the quarterly reporting period. 

(c) A table and graphs comparing daily average head in the four observation wells surrounding each active mine 
block operational unit with that of the four adjacent extraction wells. 

 (g) Results of mechanical integrity tests conducted during the quarterly reporting period. 

(h) Results of quarterly annular conductivity monitoring. 

(i) A summary of the well and corehole plugging and abandonments conducted during the quarterly reporting 
period. 

(j)  A summary of closure operations conducted during the quarterly reporting period. 

O.3.5.3 24-Hour Reporting  

In accordance with Part III.F.11(e)(i) of the UIC permit and 40 CFR 144.51(l)(6), Curis Arizona will report 
within 24-hours of becoming aware of any noncompliance of FCP operations which may endanger health or 
the environment including: 

1. Any monitoring or other information which indicates that any contaminant may cause endangerment 
to a USDW; or 

2. Any noncompliance with a permit condition or malfunction of the injection system which may cause 
fluid migration into or between USDWs.  The notification will initially be provided orally, followed 
up by a report describing the noncompliance, its cause, the period of noncompliance, and the time 
frame and steps for corrective actions.  As per Part III.F.11(e)(i) of the UIC permit, the follow-up 
report will be submitted within five days of becoming aware of the noncompliance. 

O.3.5.4 Reporting Requirements for Changes and Workovers 

Part II.C.5 – Well Construction, Proposed Changes and Workovers, of the UIC Permit describes advance 
notice and approval requirements if any physical alterations or additions are contemplated for permitted 
injection wells.  Curis Arizona will provide advance notice and seek approval, as required, but proposes an 
amendment to this section of the UIC Permit to clarify what constitutes a change or a workover and the 
corresponding need for reporting. 
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Part II.C – Well Construction  

5.  Proposed Changes and Workovers  

The permittee shall give advance notice to the Director, as soon as possible, of any planned physical alterations or 
additions to the permitted injection wells.  Any changes in well construction will require prior approval by EPA and 
will be treated as a minor modification under 40 CFR 144.41.  Following a well workover, a demonstration of 
mechanical integrity shall be performed prior to resuming injection activities, in accordance with Part II, Section E.2 of 
this permit.  A well workover is any physical alteration or addition to an existing well that results in a change in the 
composition, diameter, perforations, or depth of the well casing; or a change in the cement in the outer annulus.  The 
following activities are not subject to the requirements of Part II.C.5 or to the reporting requirements in other parts of 
this Permit:  the installation and removal of equipment such as pumps, tubing or pressure transducers necessary for the 
conversion of a well from one use to another use; moving injection and recovery from one screened interval to another 
interval in wells equipped with multiple screened intervals; clearing the well; or other activities that do not result in 
changes to a well’s casing, depth, cement seals, or to the length or size of the well’s screens. 
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P.1 Introduction 

This Attachment P has been prepared in support of an application (Application) by Curis Resources 
(Arizona) Inc. (Curis Arizona) to the United States Environmental Protection Agency (USEPA) to transfer, 
with amendments, Underground Injection Control Class III (Area) Permit No. AZ396000001 (UIC Permit) 
from Florence Copper Inc. (Florence Copper) to Curis Arizona.  The UIC Permit was originally issued to 
BHP Copper Inc. (BHP Copper) on May 1, 1997 in response to the UIC Permit application that BHP 
Copper submitted to USEPA in January 1996 (1996 UIC Application).  The Permit was transferred, with 
amendments, to Florence Copper in December 2001.   

Curis Arizona is submitting this Application so that it may proceed with the development of its in-situ copper 
recovery (ISCR) project, referred to as Florence Copper Project (FCP).  This attachment describes the 
monitoring program that Curis Arizona proposes to conduct in accordance with the monitoring requirements 
of 40 Code of Federal Regulations (CFR) 146.33(b).   

In Attachment K of this Application, Curis Arizona describes the phased development of the FCP.  During 
Phase 1, a pilot-scale Production Test Facility (PTF) will be operated for approximately 14 months to develop 
information needed to evaluate treatment and recovery alternatives, to evaluate equipment that may be used 
during Phase 2 (commercial operations) to improve operational efficiencies and conserve groundwater, and to 
forecast the composition and concentration of constituents in in-situ solutions.  

The proposed monitoring program described in this attachment applies to both Phase 1 and 2 operations.  
Elements of the proposed monitoring program closely track the requirements of the UIC Permit and will be 
described in the order of the requirements set forth in 40 CFR 146.33(b).  

P.2 Injectate Fluid Monitoring 

P.2.1 Background Information 

40 CFR 146.31 describes regulatory criteria and standards applicable to Class III wells.  Specific to 
characterizing injected fluids, Subsection 146.33(b)(1) requires a permittee to: 

• Monitor the nature of injected fluid with sufficient frequency to yield representative data of the fluid’s 
characteristics, and 

• Obtain a new analysis whenever the injected fluid is modified to the extent that the existing analysis data 
is incorrect or incomplete.   

40 CFR 146.34 describes information that the Director will consider in authorizing Class III wells.  
Subsection 146.34(a)(7)(iii) describes the operating data to be considered; specifically, for the permittee to 
provide a qualitative analysis and ranges in the concentrations of all constituents in the injected fluids.  

The requirements related to injected fluids primarily apply to the acidified solutions injected into the oxide 
zone for the purpose of recovering copper.  The UIC Permit refers to such fluids as injectate or raffinate.  
However, Curis Arizona proposes that “injectate solution” or “lixiviant” be used to refer to raffinate that has 
been prepared for injection.  Raffinate is generally referred to as pregnant leach solution (PLS) from which 
copper has been extracted in a solvent extraction/electrowinning (SX/EW) plant.  It is sometimes referred to 
as “barren” PLS.  The composition and constituent concentrations of PLS and raffinate are similar except 
that raffinate typically has 90% less copper, and a lower pH, than PLS.    

The regulatory requirements mentioned above are addressed by the existing Part II.E.4 and Part II.F.8 of the 
UIC Permit.  Briefly, Part II.E.4 allows the injection of groundwater and neutralization agents, sets limits on 
constituents in injectate, and requires changes in the monitoring program when new constituents are added to 
the injected fluid or are detected in the injected fluid.  Part II.F.8 of the UIC Permit specifies monitoring 
requirements for injected fluids.  
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Part II.E.4(c) sets limits on the pH and total organic constituent concentrations of injectate, and specifies that 
the forecast composition of injectate that BHP Copper submitted with their 1996 UIC Permit application 
shall be binding on the permittee.  That forecast composition listed pH, total dissolved solids, and inorganic 
constituents in raffinate.  Part II.E.4(e) prohibits the injection of fluids not described in Part II.E.4(c) unless 
the permittee provides a 30-day advance notice of the proposed change in solutions and receives written 
approval for those changes from the USEPA.  Part II.E.4(f) requires a groundwater monitoring program to 
include all constituents in the injected fluid and requires the program to be expanded to include constituents 
approved under Part II.E.4(e), when such approvals are granted.   

Difficulties in forecasting the composition and concentrations of inorganic constituents in injectate solutions 
that can provide the certainty contemplated by the advance notice requirements of Part II.E.4(c) are 
discussed in Attachment H of this Application.  In particular, Section H.6 briefly describes two studies that 
were conducted to forecast ranges of inorganic constituent concentrations that can be expected throughout 
the life of Phase 2 commercial ISCR operations at the FCP site.  As explained in Section H.6, the studies were 
limited because of the lack of data from site-specific PLS and raffinate that had been in contact with the 
oxide zone long enough to approximate equilibrium conditions.  Such solutions are needed to complete the 
forecasts.  

Curis Arizona anticipates sufficiently mature PLS and raffinate can be produced within 14 months after 
commencing operations of the Phase 1 PTF and will continue the Phase 1 operations long enough to 
produce the needed PLS and raffinate.  Curis Arizona therefore proposes an extensive sampling and analysis 
program during Phase 1 to gather this information.   

As also explained in Section H.6, the advance notice requirements of Part II.E.4 are not as problematic for 
the organic constituents as they are for the inorganic constituents.  The program for monitoring injected 
fluids is therefore divided into two components.  The component for organic constituents will track existing 
requirements, whereas the component for inorganic constituents will focus on developing the database 
needed to forecast ranges of constituent concentrations.  The two components are described in Sections P.2.2 
and P.2.3 in this attachment.   

The monitoring program will begin when the operation of the Phase 1 PTF commences and PLS and 
raffinate begin to be generated, and will continue throughout Phase 2 commercial operations.  Consistent 
with the proposed monitoring program, Curis Arizona has proposed amendments to Part II.E.4 and 
Part II.F.8 of the UIC Permit.  The proposed amendments are described in the table of proposed UIC Permit 
amendments that is enclosed with this Application.  

P.2.2 Monitoring Organic Constituents in Injectate Solutions 

Monthly monitoring of injectate solutions will be conducted for organic constituents listed in Part II.F.8(a) of 
the UIC Permit.  Pursuant to Part II.E.4(c) and Part II.F.8(b), the quarterly average of the total organic 
constituent concentration may not exceed 10 milligrams per liter (mg/L).  As required by Part II.F.8(c), the 
list of organic constituents in Part II.F.8(a) will be expanded to include other constituents if the constituents 
are included in a change of injectate, as approved pursuant to Part II.E.4(e) of the permit, or if the organic 
constituents are present or could be present in the raffinate pond.  

P.2.3 Monitoring Inorganic Constituents in Injectate Solutions 

During Phase 1, samples of PLS and any injectate solution produced via the operation of the temporary 
SX/EW plant will be collected and analyzed at least monthly for constituents listed in Table 3.1 of 
Exhibit H-1 of Attachment H.  Once a sufficiently mature PLS is produced during Phase 1, the PLS data will 
be used in geochemical models to forecast constituent concentration ranges for PLS over the life of the ISCR 
operations.  The forecast ranges for PLS will then be used to develop forecast constituent concentration 
ranges in the injectate solutions in accordance with 40 CFR 146.34(a)(7)(iii).  A Phase 1 Report will be 
submitted to USEPA describing sampling results, a discussion of the geochemical modeling employed, the 
results of the model, and the forecast composition and range of constituent concentrations for PLS, raffinate, 
and injectate solution.   
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Once commercial operations commence, samples of injectate solution (lixiviant) will be collected and 
analyzed monthly.  If any inorganic constituent listed in the Phase 1 Report for which a maximum 
contaminant level (MCL) has been established exceeds the forecast range described in the Phase 1 Report, 
Curis Arizona will collect a verification sample of that constituent within 14 days after receiving the 
laboratory report indicating the exceedance.  If the analysis of the verification sample indicates an exceedance 
of the same constituent, Curis Arizona will notify USEPA within 14 business days of becoming aware of the 
verification.  Monthly monitoring of injectate solution will continue. 

If an exceedance of the same constituent occurs in the next monthly sample, a verification sample will again 
be collected and analyzed as described above.  If the verification sample verifies the exceedance of the same 
constituent, Curis Arizona will notify USEPA within 14 business days of becoming aware of the verification.  
Within 60 days of USEPA notification, Curis Arizona will submit a report to USEPA describing the likely 
cause(s) of the exceedance and its potential significance with respect to facility operations, closure, and 
groundwater quality at the point of compliance (POC) wells.  If the exceedance is not considered significant, 
Curis Arizona may recommend an increase in the forecast concentration of that constituent.  If the 
exceedance is considered significant, Curis Arizona will propose corrective actions to address the situation.   

The procedures described above will ensure that (1) USEPA will be informed whenever there is an 
exceedance of a constituent concentration for which an MCL has been established, and (2) the range of 
constituent concentrations required by 40 CFR 146.34(a)(7)(iii) will be updated as required by 40 CFR 
146.33(b)(1). 

P.3 Monitoring of Injection Pressure and Flow Rates     

40 CFR 146.33(b)(2) requires semi-monthly monitoring of injection pressure and either flow rate or volume, 
or metering and daily recording of injected and recovered fluid volumes, as appropriate.  Curis Arizona will 
monitor injection flow rates and pressures in accordance with these requirements, and as described in detail in 
Attachment K of this Application.  The procedures described in Attachment K include descriptions of 
equipment located at individual injection and recovery wells and the manifolds serving the wells to monitor 
flow rates and injection pressures.  Both injection and recovery well flow rates will be measured and recorded 
at least every 24 hours as part of procedures for monitoring hydraulic control.  Monitoring of hydraulic 
control will be done by measuring and comparing total flows in and out of portions of the oxide zone where 
injection and recovery is occurring (injection and recovery zones or IRZs).  Those flow data will be recorded 
daily.  Manifold pressures will be set to prevent allowable injection pressures from being exceeded and will be 
monitored daily to ensure that the allowable pressures are not exceeded.   

Table K-1 of Attachment K shows monitoring devices to be placed on injection and recovery wells, 
manifolds, tanks, and hydraulic control monitoring wells.  For each device, the table identifies contingency 
conditions and response actions.  During commercial operations, pressure and flow rates will primarily be 
monitored at manifolds.  During Phase 1 operations, monitoring may occur at wells in the event that 
manifolds are determined to be impractical for the small number of wells that will be operating during 
Phase 1. 

P.4 Demonstration of Mechanical Integrity 

Pursuant to 40 CFR 146.33(b)(3), permittees are required to demonstrate mechanical integrity pursuant to 
40 CFR 146.8 at least once every five years for certain wells.  Part II.E.2 of the UIC permit requires a 
demonstration of mechanical integrity before new injection or recovery wells are placed in service; at least 
once every five years; and any time that a workover is conducted, well construction is modified, or loss of 
integrity becomes obvious during operation.  Part II.F.6 of the UIC Permit also requires that mechanical 
integrity be demonstrated by annular conductivity monitoring on a quarterly basis.  Both aspects of 
mechanical integrity testing and associated response procedures are described in Section O.3 of 
Attachment O of this Application.  
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P.5 Groundwater Monitoring  

Pursuant to 40 CFR 146.33(b)(4), permittees are required to monitor fluid levels in the injection zone.  
Part II.F – Monitoring Program of the UIC Permit addresses these requirements, and specifies that 
groundwater levels be monitored as part of hydraulic control monitoring at IRZs.  Part II.F also specifies that 
groundwater quality be monitored at POC wells.   

Groundwater levels will be monitored as part of monitoring hydraulic control, as described above in 
Attachment K of this Application.  The remaining elements of the monitoring program, as specified in 
Part II.F of the UIC Permit, are presented below in the order that they are presented in Part II.F.  

P.5.1 Groundwater Quality Monitoring 

Parts II.F.1, 2, 3, and 4 of the UIC Permit describe the elements of the groundwater monitoring program as 
initially established in 1997 when the UIC Permit was issued.  Quarterly and biennial samples have been 
collected since that time, except during 2009 due to the financial difficulties of a prior owner.   

Pursuant to Part II.F.1, groundwater quality will be monitored at POC wells.  Figure P-1 shows the locations 
of the existing POC wells and the locations of two proposed replacement wells.  The replacement wells 
(M52-UBF and M53-UBF) are proposed to replace wells M32-UBF and M33-UBF, which are no longer 
functional because of the declining water table in the area.  The two wells were specifically located to monitor 
for potential effects of the SX/EW plant and other surface facilities required for commercial operations.  
With the exception of the wells proposed to monitor surface facilities during commercial operations, all POC 
wells are located outside the ISCR area but inside the aquifer exemption area.   

Tables P-1 through P-4 provide details about Curis Arizona’s program for monitoring groundwater quality at 
POC wells.  Tables P-1 and P-2 respectively show the aquifer units in which the existing POC wells were 
completed and the location coordinates for each of the existing wells.  Figure S-2 of Attachment S shows an 
isometric view of the oxide zone beneath the aquifer exemption boundary relative to the aquifer units in 
which the POC wells are located.  Tables P-3 and P-4 show Aquifer Quality Limits (AQLs) and Alert Levels 
(ALs) for assessing groundwater quality sampled at POC wells.  Table P-3 lists Level 1 parameters, 
parameters that will be monitored quarterly.  Table P-4 lists Level 2 parameters, parameters that will be 
monitored biennially.  Tables P-3 and P-4 correspond to Tables 1 and 2 of the UIC Permit.  The ALs and 
AQLs shown in Tables P-3 and P-4 reflect the UIC Permit amendments issued on April 26, 2000.   

Tables P-3 and P-4 also show currently proposed amendments.  Curis Arizona proposes changes in ALs at 
four POC wells, as shown in strike-out and red text in the tables, and as described in further detail in 
Attachment 15 of Curis Arizona’s January 31, 2011 application to Arizona Department of Environmental 
Quality to amend the related Aquifer Protection Permit No. 101704.  Additionally, Curis Arizona proposes to 
amend the upper AL limit for pH at two POC wells.  Curis Arizona also proposes to amend the existing 
requirement (shown as a footnote to Table 2 of the UIC Permit) for establishing an AL and an AQL for total 
petroleum hydrocarbons (diesel) (TPH-diesel) to a requirement for continued monitoring of TPH-diesel.  
Table P-4 accordingly shows the proposed designation of TPH-diesel as NA, meaning that the parameter will 
be monitored and reported but will not be subject to an AL or an AQL.   

The monitoring of Level 1 and 2 ALs for pH are shown in Tables P-3 and P-4 as being limited to field 
measurements because the hold time now required for valid pH measurements can only be met by 
measurements in the field.  Other currently proposed amendments to the UIC Permit, including amendments 
to update Part II.F.3 and Part II.F.4 and Table 3 (the same as Table P-5, herein), are discussed in a table of 
proposed UIC Permit amendments enclosed with this Application. 
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P.5.2 Hydraulic Control Monitoring 

Part II.F.5 of the UIC Permit specifies that hydraulic control monitoring shall be verified by measuring water 
levels at least daily at four locations approximately equidistant around the perimeter of the IRZ.  At each 
location, an observation well equipped with a pressure transducer will be paired with the nearest recovery or 
perimeter well, which will also be equipped with a pressure transducer.  Hydraulic control will be assessed by 
measuring water levels in the paired wells.  Hydraulic control will be deemed to exist if the water level in each 
observation well, located more distant from the IRZ than the recovery or perimeter wells, is higher than the 
water level in its paired recovery or perimeter well.  

P.5.3 Annular Conductivity Monitoring  

Pursuant to Part II.F.6 of the UIC Permit, Curis Arizona will establish an annular conductivity baseline for 
each new well before it is used for injection or recovery, and will perform conductivity measurements at each 
such well at least quarterly thereafter.  Significant increases in conductivity over the last period of monitoring 
may be an indication of ISCR fluids migrating through the annular space.  Annular conductivity monitoring 
and associated response procedures are described in Section O.3.2 of Attachment O of this Application. 

P.5.4 Demonstration of Hydraulic Control 

Part II.F.7 of the UIC Permit requires that hydraulic control be demonstrated during initial injection to verify 
the adequacy of hydraulic control.  BHP Copper conducted a test for this purpose in late 1997 and early 1998.  
The test involved the injection and recovery of in-situ solutions in an IRZ located beneath the FCP site.  BHP 
Copper was able to demonstrate that hydraulic control could be maintained at all times with the use of wells 
installed and operated according to the same basic design as proposed by Curis Arizona.  Because hydraulic 
control has been successfully demonstrated, this requirement no longer appears applicable and Curis Arizona 
proposes that it be deleted.  

P.5.5 Injectate Solution Monitoring 

Injectate solution monitoring required by Part II.F.8 was discussed in Section P.2 of this attachment. 

P.5.6 Mine Shaft Conductivity Monitoring  

Part II.F.9 of the UIC Permit requires conductivity monitoring of an old mining shaft that was advanced by a 
previous owner of the FCP.  Monitoring must be conducted at least monthly if an injection or recovery well 
is located within 500 feet of the shaft.  The stated purpose of the monitoring is to demonstrate that ISCR 
fluids do not migrate beyond the aquifer exemption boundary.  Curis Arizona does not object to the 
monitoring requirement, but questions how monitoring in the shaft speaks to conditions at the aquifer 
exemption boundary.  Curis Arizona anticipates the possibility of recovering water from the mine workings if 
the water begins showing evidence of in-situ solutions.  The recovered water would be managed as other ISCR 
solutions depending on its mineral concentration.  Additionally, the groundwater restoration requirements of 
Part II.I.1 will apply to the area in which the old mine workings are located just as they apply to all other 
portions of the ISCR area.    

P.6 Manifold Monitoring 

Pursuant to 40 CFR 146.33(b)(5), manifold monitoring may be used to monitor all Class III wells on a field 
or project basis rather than monitoring on an individual well basis, provided that the owner/operator 
demonstrates that manifold monitoring is comparable to individual well monitoring.  As described in 
Section P.3 above, each injection and recovery well will be equipped with individual monitoring devices and 
controls, connected to manifolds equipped with similar devices and controls.  In case manifolds do not 
provide adequate controls, fluid volumes and rates will be monitored and controlled at individual wells.  
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P.7 Reporting and Maintenance of Records  

Reporting of information obtained from the monitoring program described in this Attachment P and the 
maintenance of related records will be in accordance with the requirements of Part II.G, Part III.F.9, and 
Part III.F.11 of the UIC Permit.  
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Table P-1.  Completion Intervals of Groundwater Monitoring Wells 

POC Well Aquifer/Zone Screen Interval 
(feet bgs) 

M18-GU Upper Basin-Fill Unit 178 - 218 
M21-UBF  240 - 280 
M23-UBF  210 - 250 
M25-UBF  210 - 250 
M29-UBF  237 - 277 
M32-UBF  129 - 170 
M33-UBF  130 - 170 
M52-UBF  TBD 
M53-UBF  TBD 
M1-GL Lower Basin-Fill Unit 315 - 355 
M14-GL  778 - 838 
M15-GU  554 - 594 
M16-GU  598 - 658 
M17-GL  939 - 1009 
M19-LBF  315 - 330 
M2-GU  198 - 237 
M27-LBF  374 - 435 
M28-LBF  681 - 741 
M31-LBF  300 - 320 
M3-GL  298 - 338 
M6-GU  524 - 563 
O19-GL  375 - 435 
O49-GL  661- 721 
M20-O Oxide Bedrock Zone 469 - 499 
M22-O  932 - 1130 
M24-O  1058 - 1259 
M26-O  840 - 1038 
M30-O  387 - 555 
M4-O  405 - 464 
M7-GL  859 - 918 
M8-O  1011 - 1070 
P19-1-O  402 - 600 
P49-O  808 - 1222 
bgs – below ground surface 
POC – Point of Compliance 
TBD – to be determined 
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Table P-2.  Locations of Groundwater Monitoring Wells 

Sampling Point 
Number 1 

Monitoring Well 
Identification 

ADWR Registration 
Number Latitude Longitude 

021 M1-GL 55-547617 33° 02’ 37” N 111° 25’ 55” W 

022 M2-GU 55-547814 33° 02’ 37” N 111° 25’ 18” W 

023 M3-GL 55-547614 33° 02’ 36” N 111°25’ 18” W 

024 M4-0 55-547614 33° 02’ 37” N 111° 25’ 18” W 

025 M6-GU 55-547815 33° 03’ 15” N 111° 26’ 10” W 

026 M7-GL 55-547611 33° 03’ 15” N 111° 26’ 10” W 

027 M8-0 55-547612 33° 03’ 15” N 111° 26’ 10” W 

028 M14-GL 55-549172 33° 03’ 04” N 111° 26’ 13” W 

029 M15-GU 55-547813 33° 03’ 04” N 111° 26’ 14” W 

030 M16-GU 55-549140 33° 02’ 50” N 111° 26’ 13” W 

031 M17-GL 55-556094 33° 02’ 50” N 111° 26’ 13” W 

032 M18-GU 55-547809 33° 02’ 38” N 111°25’ 55” W 

033 M19-LBF 55-555828 33° 03’ 13” N 111°25’ 50” W 

034 M20-0 55-555829 33° 03’ 13” N 111°25’ 50” W 

035 M21-UBF 55-555823 33° 03’ 12” N 111°25’ 50” W 

036 M22-0 55-555831 33° 03’ 04” N 111° 26’ 13” W 

037 M23-UBF 55-555824 33° 03’ 04” N 111° 26’ 14” W 

038 M24-0 55-555832 33° 02’ 54” N 111°26’ 12” W 

039 M25-UBF 55-555825 33°02’54”N 111° 26’ 13” W 

040 M26-0 55-555833 33° 03’ 17” N 111° 26’ 03” W 

041 M27-LBF 55-555827 33° 03’ 17” N 111° 26’ 04” W 

042 M28-LBF 55-555834 33° 03’ 17” N 111° 26’ 04” W 

043 M29-UBF 55-555830 33° 03’ 17” N 111° 26’ 03” W 

044 M30-0 55-555826 33° 03’ 13” N 111° 25’ 38” W 

045 M31-LBF 55-556090 33° 03’ 13” N 111° 25’ 38” W 

0462 M32-UBF 55-556091 33° 03’ 4” N 111° 25’ 21” W 

0472 M33-UBF 55-556092 33° 03’ 14”N 111° 25’ 06” W 

048 P19-1-0 55-549151 33° 03’ 13” N 111° 25’ 56” W 
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Table P-2.  Locations of Groundwater Monitoring Wells 

Sampling Point 
Number 1 

Monitoring Well 
Identification 

ADWR Registration 
Number Latitude Longitude 

049 019-GL 55-549150 33° 03’ 13” N 111° 25’ 58” W 

050 P49-0 55-549181 33° 02’ 42” N 111° 26’ 06” W 

051 049-GL 55-549180 33° 02’ 42” N 111° 26’ 07” W 

0522 M52-UBF TBI 33° 3’ 3.8” N 111° 25’ 21.8” W 

0532 M53-UBF TBI 33° 3’ 7.9” N 111° 25 6.4” W 
1  Sampling Point Numbers 001 through 051 identify groundwater wells that are located at the Points of Compliance pursuant to A.R.S. § 49-244.2 
and A.R.S. § 49-244.3. 
2  Curis Arizona proposes to replace the two wells at Sampling Point Numbers 046 and 047, which have gone dry due to declining water table, 
with the two wells at Sampling Point Numbers 052 and 053. 
TBI   To be issued after Notice of Intention to Drill has been filed with Arizona Department of Water Resources (ADWR)  pursuant to Arizona 
Administrative Code (A.A.C.) R12-15-809 and an Authorization to Drill is issued by ADWR pursuant to  A.A.C. R12-15-810. 
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Table P-3.  Proposed Water Quality Parameters – Level 1 Monitoring 
(all values in mg/L unless otherwise noted) 

Parameter POC Well #M1-GL POC Well #M2-GU POC Well #M3-GL POC Well #M4-0 

 AQL  AL  AQL  AL AQL  AL AQL  AL 

pH (field) (S.U.) 1 NA 6.6 – 8.2 NA 5.7 – 8.6 NA 6.1 – 8.6 NA 5.7 – 8.9 

Specific Conductance (field)  
(µmhos/cm) 

NA NA NA NA NA NA NA NA 

Temperature (field, °C) NA NA NA NA NA NA NA NA 

Fluoride 4.0 1.3 4.0 1.4 4.0 1.3 5.1 NA 

Magnesium NA 31 NA 39 NA 36 NA 15 

Sulfate NA 109179 NA 275 NA 187 NA 405 

Total dissolved solids NA 1,028 NA 1,496 NA 1,157 NA 1,072 

Parameter POC Well #M6-GU POC Well #M7-GL POC Well #M8-0 POC Well #M14-GL 

 AQL  AL AQL  AL AQL  AL AQL  AL 

pH (field) (S.U.) 1 NA 6.5 – 9.9 NA 7.9 – 11 NA 7.3 – 9.8 NA 6.4 – 9.5 

Specific Conductance (field)  
(µmhos /cm) 

NA NA NA NA NA NA NA NA 

Temperature (field, °C) NA NA NA NA NA NA NA NA 

Fluoride 4.0 1.3 4.0 1.7 4.0 3.6 4.0 1.4 

Magnesium NA 5.1 NA 1.0 NA 1.0 NA 23 

Sulfate NA 86 NA 82 NA 122 NA 144 

Total dissolved solids NA 620 NA 464 NA 609 NA 874 
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Table P-3.  Proposed Water Quality Parameters – Level 1 Monitoring 
(all values in mg/L unless otherwise noted) 

Parameter POC Well #M15-GU POC Well #M16-GU POC Well #M17-GL POC Well #M18-GU 

 AQL  AL AQL  AL AQL  AL AQL  AL 

pH (field) (S.U.) 1 NA 6.7 – 8.1 NA 5.0 – 9.6 NA 6.3 – 11 NA 5.8 – 8.6 

Specific Conductance (field) 
(µmhos /cm) 

NA NA NA NA NA NA NA NA 

Temperature (field, °C) NA NA NA NA NA NA NA NA 

Fluoride 4.0 1.2 4.0 1.1 4.0 1.6 4.0 1.6 

Magnesium NA 44 NA 52 NA 9.3 NA 36 

Sulfate NA 126 NA 248 NA 209 NA 288 

Total dissolved solids NA 1,359 NA 1,635 NA 831 NA 1,323 

Parameter POC Well #M19-LBF POC Well #M20-0 POC Well #M21-UBF POC Well #M22-0 

 AQL  Alert Level  AQL  Alert Level  AQL  Alert Level  AQL  Alert Level  

pH (field) (S.U.) 1 NA 7.0 – 8.4 NA 6.2 – 8.8 NA 6.6 – 7.6 TBP NA 7.5 – 9.4 

Specific Conductance (field) 
(µmhos /cm) 

NA NA NA NA NA NA NA NA 

Temperature (field, °C) NA NA NA NA NA NA NA NA 

Fluoride 4.0 1.0 4.0 1.7 4.0 1.1 1.5 4.0 1.3 

Magnesium NA 21 NA 14 NA 87 NA 8.6 

Sulfate NA 89 NA 112 NA 487 NA 86 

Total dissolved solids NA 794 NA 809 NA 2,867 NA 1,094 
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Table P-3.  Proposed Water Quality Parameters – Level 1 Monitoring 
(all values in mg/L unless otherwise noted) 

Parameter POC Well #M23-UBF POC Well #M24-0 POC Well #M25-UBF POC Well #M26-0 

 AQL  AL AQL  AL AQL  AL AQL  AL 

pH (field) (S.U.) 1 NA 6.3 – 8.0 NA 7.3 – 8.4 NA 5.4 – 9.2 NA 6.5 – 10 

Specific Conductance (field) 
(µmhos/cm) NA NA NA NA NA NA NA NA 

Temperature (field, °C) NA NA NA NA NA NA NA NA 

Fluoride 4.0 1.3 4.0 2.5 4.0 1.6 4.0 3.4 

Magnesium NA 69 NA 19 NA 76 NA 1.0 

Sulfate NA 411 NA 1,364 NA 387 NA 105 

Total dissolved solids NA 2,392 NA 2,363 NA 2,683 NA 556 

Parameter POC Well #M27-LBF POC Well #M28-LBF POC Well #M29-UBF POC Well #M30-0 

 AQL  AL AQL  AL AQL  AL AQL  AL 

pH (field) (S.U.) 1 NA 5.4 – 10 NA 6.5 – 11 NA 6.6 – 7.6 TBP NA 6.5 – 8.3 

Specific Conductance (field) 
(µmhos/cm) NA NA NA NA NA NA NA NA 

Temperature (field, °C) NA NA NA NA NA NA NA NA 

Fluoride 4.0 1.0 4.0 1.6 4.0 1.1 4.0 1.6 

Magnesium NA 51 NA 2.6 NA 84 NA 18 

Sulfate NA 179 234 NA 81 NA 456 NA 102 

Total dissolved solids NA 1,745 NA 610 NA 2,751 NA 824 
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Table P-3.  Proposed Water Quality Parameters – Level 1 Monitoring 
(all values in mg/L unless otherwise noted) 

Parameter POC Well #M31-UBF POC Well #M32-UBF POC Well #M33-UBF POC Well #P19-1-0 

 AQL  AL AQL  AL AQL  AL AQL  AL 

pH (field) (S.U.) 1 NA 6.4 – 8.1 NA 6.7 – 7.7 NA 6.6 – 7.8 NA 4.1 – 11 

Specific Conductance (field) 
(µmhos/cm) NA NA NA NA NA NA NA NA 

Temperature (field, °C) NA NA NA NA NA NA NA NA 

Fluoride 4.0 1.3 4.0 1.1 4.0 1.4 4.0 2.8 

Magnesium NA 46 NA 92 NA 78 NA 12 

Sulfate NA 330 NA 494 NA 427 NA 107 

Total dissolved solids NA 1,665 NA 2,802 NA 2,566 NA 767 

Parameter POC Well #019-GL POC Well #P49-0 POC Well #049-GL POC Well #M52-UBF 

 AQL  AL  AQL  AL AQL  AL AQL  AL 

pH (field) (S.U.) 1 NA 4.5 – 11 NA 5.9 – 9.2 NA 5.4 – 9.7 NA TBD 

Specific Conductance (field) 
(µmhos/cm) NA NA NA NA NA NA NA NA 

Temperature (field, °C) NA NA NA NA NA NA NA NA 

Fluoride 4.0 1.4 4.0 2.0 4.0 1.0 TBD TBD 

Magnesium NA 17 NA 6.2 NA 18 NA TBD 

Sulfate NA 99 NA 181 NA 159 NA TBD 
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Table P-3.  Proposed Water Quality Parameters – Level 1 Monitoring 
(all values in mg/L unless otherwise noted) 

Parameter POC Well #M53-UBF    

 AQL  AL AQL  AL AQL  AL AQL  AL 

pH (field) (S.U.) 1 NA TBD       

Specific Conductance (field) 
(µmhos/cm) NA NA       

Temperature (field, °C) NA NA       

Fluoride TBD TBD       

Magnesium NA TBD       

Sulfate NA TBD       

Total dissolved solids NA TBD       

Note: Curis Arizona will utilize the applicable analytical methods described in Table I of 40 CFR 136.3, SW-846, Test Methods for Evaluating Solid Wastes, Physical/Chemical Methods, or in certain 
circumstances, other methods that have been approved by the USEPA Administrator. 
1 First value is lower limit, second value is upper limit. 
109 179 – Proposed amendment 
µmhos/cm – micromhos per centimeter 
°C – degrees Celsius 
AL – Alert Level, as defined at Part II.F.2(c) of this permit.  
AQL – Aquifer Quality Limit, as defined at Part II.F.2(d) of this permit. 
mg/L – milligrams per liter 
NA – Not applicable: Shall be measured and reported but no contingency level for AL or AQL shall be established. 
POC – Point of Compliance 
S.U. – Standard Unit. 
TBD – To Be Determined.  To be determined and approved by the Director prior to the commencement of Phase 2 (Commercial) operations. 
TBP – To Be Proposed:  Existing values are shown, but studies are underway to develop proposed modifications of upper Alert Levels for pH for existing POC wells M21-UBF and  
         M29-UBF. 
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Table P-4.  Proposed Water Quality Parameters – Level 2 Monitoring 

Parameter POC Well #M1-GL POC Well #M2-GU POC Well #M3 GL POC Well #M4-0 
 AQL  AL AQL  AL AQL  AL AQL  AL 

Common Ions  (mg/L unless otherwise noted) 
pH (field) (S.U.) 1 NA 6.6 – 8.2 NA 5.7 – 8.6 NA 6.1 – 8.6 NA 5.7 – 8.9 
Specific Conductance (field) 
(µmhos/cm) NA NA NA NA NA NA NA NA 

Temperature (field, °C) NA NA NA NA NA NA NA NA 
pH (lab) (S.U.) NR NR NR NR NR NR NR NR 
Bicarbonate NA NA NA NA NA NA NA NA 
Calcium NA NA NA NA NA NA NA NA 
Carbonate NA NA NA NA NA NA NA NA 
Chloride NA NA NA NA NA NA NA NA 
Fluoride 4.0 1.3 4.0 1.4 4.0 1.3 5.1 NA 
Magnesium NA 31 NA 39 NA 36 NA 15 
Nitrate as nitrogen  NA NA NA NA NA NA NA NA 
Nitrite as nitrogen  NA NA NA NA NA NA NA NA 
Potassium NA NA NA NA NA NA NA NA 
Sodium NA NA NA NA NA NA NA NA 
Sulfate NA 109 179 NA 275 NA 187 NA 405 
Total dissolved solids NA 1028 NA 1496 NA 1157 NA 1072 
Cation/anion balance NA NA NA NA NA NA NA NA 

Formation-Related Metals  (mg/L) 
Aluminum NA 0.71 NA 0.71 NA 0.71 NA 0.71 
Antimony 0.006 0.005 0.016 NA 0.006 0.005 0.006 0.005 
Arsenic 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 
Barium 2.0 1.0 2.0 1.0 2.0 1.0 2.0 1.0 
Beryllium 0.004 0.0032 0.0053 NA 0.0053 NA 0.0053 NA 
Cadmium 0.005 NA 0.040 NA 0.005 NA 0.040 NA 
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Table P-4.  Proposed Water Quality Parameters – Level 2 Monitoring 

Parameter POC Well #M1-GL POC Well #M2-GU POC Well #M3 GL POC Well #M4-0 
 AQL  AL AQL  AL AQL  AL AQL  AL 

Chromium (total) 0.10 0.061 0.10 0.061 0.10 0.061 0.10 0.061 
Cobalt NA 0.005 NA 0,005 NA 0.005 NA 0.005 
Copper NA 0.51 NA 0.51 NA 0.51 NA 0.51 
Iron NA 2.2 NA 2.2 NA 2.2 NA 2.2 
Lead 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 
Manganese NA 0.22 NA 0.22 NA 0.22 NA 0.22 
Mercury 0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011 
Nickel 0.13 NA 0.13 NA 0.13 NA 0.10 0.08 
Selenium 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027 
Thallium 0.002 NA 0.002 NA 0.002 NA 0.002 NA 
Zinc NA 2.5 NA 2.5 NA 2.5 NA 2.5 

Formation-Related Radiochemicals  (pCi/L)  
Gross Alpha 2 NA 15 NA 15 NA 15 NA 15 
Adjusted Alpha  3 15 NA 15 NA 15 NA 15 NA 
Radium 226 + 228 4 5 4 5 4 5 4 5 4 
Uranium  NA NA NA NA NA NA NA NA 

Process-Related Organics (mg/L) 5 
TPH – diesel NA NA NA NA NA NA NA NA 
Benzene  0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025 
Ethylbenzene 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35 
Toluene  1.0 0.5 1.0 0.5 1.0 0.5 1.0 0.5 
Total Xylene  10 5 10 5 10 5 10 5 
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Table P-4.  Proposed Water Quality Parameters – Level 2 Monitoring 

Parameter POC Well #M6-GU POC Well #M7-GL POC Well #M8-0 POC Well #M14-GL 
 AQL  AL AQL  AL AQL  AL AQL  AL 

Common Ions  (mg/L unless otherwise noted) 
pH (field) (S.U.) 1 NA 6.5 – 9.9 NA 7.9 – 11 NA 7.3 – 9.8 NA 6.4 – 9.5 
Specific conductance (field) 
(µmhos/cm) NA NA NA NA NA NA NA NA 

Temperature (field, °C) NA NA NA NA NA NA NA NA 
pH (lab) (S.U.) NR NR NR NR NR NR NR NR 
Bicarbonate NA NA NA NA NA NA NA NA 
Calcium NA NA NA NA NA NA NA NA 
Carbonate NA NA NA NA NA NA NA NA 
Chloride NA NA NA NA NA NA NA NA 
Fluoride 4.0 1.3 4.0 1.7 4.0 3.6 4.0 1.4 
Magnesium NA 5.1 NA 1.0 NA 1.0 NA 23 
Nitrate as nitrogen  NA NA NA NA NA NA NA NA 
Nitrite as nitrogen  NA NA NA NA NA NA NA NA 
Potassium NA NA NA NA NA NA NA NA 
Sodium NA NA NA NA NA NA NA NA 
Sulfate NA 86 NA 82 NA 122 NA 144 
Total dissolved solids NA 620 NA 464 NA 609 NA 874 
Cation/anion balance NA NA NA NA NA NA NA NA 

Formation-Related Metals  (mg/L) 
Aluminum NA 0.71 NA 0.71 NA 0.71 NA 0.71 
Antimony 0.006 0.005 0.006 0.005 0.006 0.005 0.016 NA 
Arsenic 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 
Barium 2.0 1.0 2.0 1.0 2.0 1.0 2.0 1.0 
Beryllium 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 
Cadmium 0.005 NA 0.040. NA 0.005 NA 0.005 NA 
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Table P-4.  Proposed Water Quality Parameters – Level 2 Monitoring 

Parameter POC Well #M6-GU POC Well #M7-GL POC Well #M8-0 POC Well #M14-GL 
 AQL  AL AQL  AL AQL  AL AQL  AL 

Chromium (total) 0.10 0.061 0.10 0.061 0.10 0.061 0.10 0.061 
Cobalt NA 0.005 NA 0.005 NA 0.005 NA 0.005 
Copper NA 0.51 NA 0.51 NA 0.51 NA 0.51 
Iron NA 2.2 NA 2.2 NA 2.2 NA 2.2 
Lead 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 
Manganese NA 0.22 NA 0.22 NA 0.22 NA 0.22 
Mercury 0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011 
Nickel 0.10 0.08 0.13 NA 0.10 0.08 0.13 NA 
Selenium 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027 
Thallium 0.002 NA 0.002 NA 0.002 NA 0.002 NA 
Zinc NA 2.5 NA 2.5 NA 2.5 NA 2.5 

Formation-Related Radiochemicals  (pCi/L)  
Gross Alpha 2 NA 15 NA 15 NA 15 NA 15 
Adjusted Alpha  3 15 NA 15 NA 15 NA 15 NA 
Radium 226 + 228 4 5 4 5 4 5 4 5 4 
Uranium  NA NA NA NA NA NA NA NA 

Process-Related Organics (mg/L) 5 
TPH – diesel NA NA NA NA NA NA NA NA 
Benzene 0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025 
Ethylbenzene 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35 
Toluene 1.0 0.5 1.0 0.5 1.0 0.5 1.0 0.5 
Total Xylene 10 5 10 5 10 5 10 5 
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Table P-4.  Proposed Water Quality Parameters – Level 2 Monitoring 

Parameter POC Well #M15-GU POC Well #M16-GU POC Well #M17-GL POC Well #M18-GU 
 AQL  AL AQL  AL AQL  AL AQL  AL 

Common Ions  (mg/L unless otherwise noted) 
pH (field) (S.U.) 1 NA 6.7 – 8.1 NA 5.0 – 9.6 NA 6.3 – 11 NA 5.8 – 8.6 
Specific conductance (field) 
(µmhos/cm) NA NA NA NA NA NA NA NA 

Temperature (field, °C) NA NA NA NA NA NA NA NA 
pH (lab) (S.U.) NR NR NR NR NR NR NR NR 
Bicarbonate NA NA NA NA NA NA NA NA 
Calcium NA NA NA NA NA NA NA NA 
Carbonate NA NA NA NA NA NA NA NA 
Chloride NA NA NA NA NA NA NA NA 
Fluoride 4.0 L2 4.0 1.1 4.0 1.6 4.0 1.6 
Magnesium NA 44 NA 52 NA 9.3 NA 36 
Nitrate as nitrogen 1 NA NA NA NA NA NA NA NA 
Nitrite as nitrogen  NA NA NA NA NA NA NA NA 
Potassium NA NA NA NA NA NA NA NA 
Sodium NA NA NA NA NA NA NA NA 
Sulfate NA 126 NA 248 NA 209 NA 288 
Total dissolved solids NA 1359 NA 1635 NA 831 NA 1323 
Cation/anion balance NA NA NA NA NA NA NA NA 

Formation-Related Metals  (mg/L) 
Aluminum NA 0.71 NA 0.71 NA 0.71 NA 0.71 
Antimony 0.016 NA 0.006 0.005 0.006 0.005 0.016 NA 
Arsenic 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 
Barium 2.0 1.0 2.0 1.0 2.0 1.0 2.0 1.0 
Beryllium 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 
Cadmium 0.040 NA 0.040 NA 0.005 NA 0.005 NA 
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Table P-4.  Proposed Water Quality Parameters – Level 2 Monitoring 

Parameter POC Well #M15-GU POC Well #M16-GU POC Well #M17-GL POC Well #M18-GU 
 AQL  AL AQL  AL AQL  AL AQL  AL 

Chromium (total) 0.10 0.061 0.10 0.061 0.10 0.061 0.10 0.061 
Cobalt NA 0.005 NA 0.005 NA 0.005 NA 0.005 
Copper NA 0.51 NA 0.51 NA 0.51 NA 0.51 
Iron NA 2.2 NA 2.2 NA 2.2 NA 2.2 
Lead 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 
Manganese NA 0.22 NA 0.22 NA 0.22 NA 0.22 
Mercury 0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011 
Nickel 0.13 NA 0.10 0.08 0.10 0.08 0.10 0.08 
Selenium 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027 
Thallium 0.002 NA 0.002 NA 0.024 NA 0.002 NA 
Zinc NA 2.5 NA 2.5 NA 2.5 NA 2.5 

Formation-Related Radiochemicals  (pCi/L)  
Gross Alpha 2 NA 15 NA 15 NA 15 NA 15 
Adjusted Alpha  3 15 NA 15 NA 15 NA 15 NA 
Radium 226 + 228 4 5 4 5 4 5 4 5 4 
Uranium  NA NA NA NA NA NA NA NA 

Process-Related Organics  (mg/L) 5 
TPH – diesel NA NA NA NA NA NA NA NA 
Benzene 0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025 
Ethylbenzene 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35 
Toluene  1.0 0.5 1.0 0.5 1.0 0.5 1.0 0.5 
Total Xylene 10 5 10 5 10 5 10 5 
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Table P-4.  Proposed Water Quality Parameters – Level 2 Monitoring 

Parameter POC Well #M19-LBF POC Well #M20-0 POC Well #M21-UBF POC Well #M22-0 
 AQL  AL AQL  AL AQL  AL AQL  AL 

Common Ions  (mg/L unless otherwise noted) 
pH (field) (S.U.) 1 NA 7.0 – 8.4 NA 6.2 – 8.8 NA 6.6 – 7.6 TBP NA 7.5 – 9.4 
Specific conductance (field) 
(µmhos/cm) NA NA NA NA NA NA NA NA 

Temperature (field, °C) NA NA NA NA NA NA NA NA 
pH (lab) (S.U.) NR NR NR NR NR NR NR NR 
Bicarbonate NA NA NA NA NA NA NA NA 
Calcium NA NA NA NA NA NA NA NA 
Carbonate NA NA NA NA NA NA NA NA 
Chloride NA NA NA NA NA NA NA NA 
Fluoride 4.0 1.0 4.0 1.7 4.0 1.1 1.5 4.0 1.3 
Magnesium NA 21 NA 14 NA 87 NA 8.6 
Nitrate as nitrogen 1 NA NA NA NA NA NA NA NA 
Nitrite as nitrogen  NA NA NA NA NA NA NA NA 
Potassium NA NA NA NA NA NA NA NA 
Sodium NA NA NA NA NA NA NA NA 
Sulfate NA 89 NA 112 NA 487 NA 86 
Total dissolved solids NA 794 NA 809 NA 2867 NA 1094 
Cation/anion balance NA NA NA NA NA NA NA NA 

Formation-Related Metals  (mg/L) 
Aluminum NA 0.71 NA 0.71 NA 0.71 NA 0.71 
Antimony 0.006 0.005 0.006 0.005 0.016 NA 0.016 NA 
Arsenic 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 
Barium 2.0 1.0 2.0 1.0 2.0 1.0 2.0 1.0 
Beryllium 0.004 0.032 0.004 0.032 0.004 0.032 0.004 0.032 
Cadmium 0.005 NA 0.040 NA 0.040 NA 0.040 NA 
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Table P-4.  Proposed Water Quality Parameters – Level 2 Monitoring 

Parameter POC Well #M19-LBF POC Well #M20-0 POC Well #M21-UBF POC Well #M22-0 
 AQL  AL AQL  AL AQL  AL AQL  AL 

Chromium (total) 0.10 0.061 0.10 0.061 0.10 0.061 0.10 0.061 
Cobalt NA 0.005 NA 0.005 NA 0.005 NA 0.005 
Copper NA 0.51 NA 0.51 NA 0.51 NA 0.51 
Iron NA 2.2 NA 2.2 NA 2.2 NA 2.2 
Lead 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 
Manganese NA 0.22 NA 0.22 NA 0.22 NA 0.22 
Mercury 0.002 0.0011 0.002 0 0011 0.002 0.0011 0.002 0.0011 
Nickel 0.10 0.08 0.10 0.08 0.10 0.08 0.10 0.08 
Selenium 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027 
Thallium 0.024 NA 0.024 NA 0.024 NA 0.024 NA 
Zinc NA 2.5 NA 2.5 T NA 2.5 NA 2.5 

Formation-Related Radiochemicals  (pCi/L)  
Gross Alpha 2 NA 15 NA 15 NA 15 NA 15 
Adjusted Alpha  3 15 NA 15 NA 15 NA 15 NA 
Radium 226 + 228 4 5 4 5 4 5 4 5 4 
Uranium  NA NA NA NA NA NA NA NA 

Process-Related Organics  (mg/L) 5 
TPH – diesel NA NA NA NA NA NA NA NA 
Benzene 0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025 
Ethylbenzene 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35 
Toluene 1.0 0.5 1.0 0.5 1.0 0.5 1.0 0.5 
Total Xylene  10 5 10 5 10 5 10 5 
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Table P-4.  Proposed Water Quality Parameters – Level 2 Monitoring 

Parameter POC Well #M23-UBF POC Well #M24-0 POC Well #M25-UBF POCWell # M26-0 
 AQL  AL AQL  AL AQL  AL AQL  AL 

Common Ions  (mg/L unless otherwise noted) 
pH (field) (S.U.) 1 NA 6.3 – 8.0 NA 7.3 – 8.4 NA 5.4 – 9.2 NA 6.5 – 10 
Specific conductance (field) 
(µmhos/cm) NA NA NA NA NA NA NA NA 

Temperature (field, °C) NA NA NA NA NA NA NA NA 
pH (lab) (S.U.) NR NR NR NR NR NR NR NR 
Bicarbonate NA NA NA NA NA NA NA NA 
Calcium NA NA NA NA NA NA NA NA 
Carbonate NA NA NA NA NA NA NA NA 
Chloride NA NA NA NA NA NA NA NA 
Fluoride 4.0 1.3 4.0 2.5 4.0 1.6 4.0 3.4 
Magnesium NA 69 NA 19 NA 76 NA 1.0 
Nitrate as nitrogen 1 NA NA NA NA NA NA NA NA 
Nitrite as nitrogen  NA NA NA NA NA NA NA NA 
Potassium NA NA NA NA NA NA NA NA 
Sodium NA NA NA NA NA NA NA NA 
Sulfate NA 411 NA 1,364 NA 387 NA 105 
Total dissolved solids NA 2,392 NA 2,363 NA 2,683 NA 556 
Cation/anion balance NA NA NA NA NA NA NA NA 

Formation-Related Metals  (mg/L) 
Aluminum NA 0.71 NA 0.71 NA 0.71 NA 0.71 
Antimony 0.006 0.005 0.006 0.005 0.006 0.005 0.016 NA 
Arsenic 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 
Barium 2.0 1.0 2.0 1.0 2.0 1.0 2.0 1.0 
Beryllium 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 
Cadmium 0.040 NA 0.005 NA 0.005 NA 0.005 NA 
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Table P-4.  Proposed Water Quality Parameters – Level 2 Monitoring 

Parameter POC Well #M23-UBF POC Well #M24-0 POC Well #M25-UBF POCWell # M26-0 
 AQL  AL AQL  AL AQL  AL AQL  AL 

Chromium (total) 0.10 0.061 0.10 0.061 0.10 0.061 0.10 0.061 
Cobalt NA 0.005 NA 0.005 NA 0.005 NA 0.005 
Copper NA 0.51 NA 0.51 NA 0.51 NA 0.51 
Iron NA 2.2 NA 2.2 NA 2.2 NA 2.2 
Lead 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 
Manganese NA 0.22 NA 0.22 NA 0.22 NA 0.22 
Mercury 0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011 
Nickel 0.10 0.08 0.10 0.08 0.10 0.08 0.10 0.08 
Selenium 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027 
Thallium 0.024 NA 0.002 NA 0.024 NA 0.002 NA 
Zinc NA 2.5 NA 2.5 NA 2.5 NA 2.5 

Formation-Related Radiochemicals  (pCi/L)  
Gross Alpha 2 NA 15 NA 15 NA 15 NA 15 
Adjusted Alpha  3 15 NA 15 NA 15 NA 15 NA 
Radium 226 + 228 4 5 4 5 4 5 4 5 4 
Uranium  NA NA NA NA NA NA NA NA 

Process-Related Organics  (mg/L) 5 
TPH – diesel NA NA NA NA NA NA NA NA 
Benzene 0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025 
Ethylbenzene 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35 
Toluene 1.0 0.5 1.0 0.5 1.0 0.5 1.0 0.5 
Total Xylene 10 5 10 5 10 5 10 5 
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Table P-4.  Proposed Water Quality Parameters – Level 2 Monitoring 

Parameter POC Well #M27-LBF POC Well #M28-LBF POC Well #M29-UBF POC Well #M30-0 
 AQL  AL AQL  AL AQL  AL AQL  AL 

Common Ions  (mg/L unless otherwise noted) 
pH (field) (S.U.) 1 NA 5.4 – 10 NA 6.5 – 11  NA 6.6 – 7.6 TBP NA 6.5 – 8.3 
Specific conductance (field) 
(µmhos/cm) NA NA NA NA NA NA NA NA 

Temperature (field, °C) NA NA NA NA NA NA NA NA 
pH (lab) (S.U.) NR NR NR NR NR NR NR NR 
Bicarbonate NA NA NA NA NA NA NA NA 
Calcium NA NA NA NA NA NA NA NA 
Carbonate NA NA NA NA NA NA NA NA 
Chloride NA NA NA NA NA NA NA NA 
Fluoride 4.0 1.0 4.0 1.6 4.0 1.1 4.0 1.6 
Magnesium NA 51 NA 2.6 NA 84 NA 18 
Nitrate as nitrogen 1 NA NA NA NA NA NA NA NA 
Nitrite as nitrogen  NA NA NA NA NA NA NA NA 
Potassium NA NA NA NA NA NA NA NA 
Sodium NA NA NA NA NA NA NA NA 
Sulfate NA 179 234 NA 81 NA 456 NA 102 
Total dissolved solids NA 1,745 NA 610 NA 2,751 NA 824 
Cation/anion balance NA NA NA NA NA NA NA NA 

Formation-Related Metals  (mg/L) 
Aluminum NA 0.71 NA 0.71 NA 0.71 NA 0.71 
Antimony 0.006 0.005 0.006 0.005 0.006 0.005 0.006 0.005 
Arsenic 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 
Barium 2.0 1.0 2.0 1.0 2.0 1.0 2.0 1.0 
Beryllium 0.004 0.0032 0.004 0.0032 0.004 0.0032 0.004 0.0032 
Cadmium 0.005 NA 0.005 NA 0.005 NA 0.005 NA 
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Table P-4.  Proposed Water Quality Parameters – Level 2 Monitoring 

Parameter POC Well #M27-LBF POC Well #M28-LBF POC Well #M29-UBF POC Well #M30-0 
 AQL  AL AQL  AL AQL  AL AQL  AL 

Chromium (total) 0.10 0.061 0.10 0.061 0.10 0.061 0.10 0.061 
Cobalt NA 0.005 NA 0.005 NA 0.005 NA 0.005 
Copper NA 0.51 NA 0.51 NA 0.51 NA 0.51 
Iron NA 2.2 NA 2.2 NA 2.2 NA 2.2 
Lead 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 
Manganese NA 0.22 NA 0.22 NA 0.22 NA 0.22 
Mercury 0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011 
Nickel 0.10 0.08 0.10 0.08 0.10 0.08 0.10 0.08 
Selenium 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027 
Thallium 0.024 NA 0.024 NA 0.024 NA 0.024 NA 
Zinc NA 2.5 NA 2.5 NA 2.5 NA 2.5 

Formation-Related Radiochemicals  (pCi/L)  
Gross Alpha 2 NA 15 NA 15 NA 15 NA 15 
Adjusted Alpha  3 15 NA 15 NA 15 NA 15 NA 
Radium 226 + 228 4 5 4 5 4 5 4 5 4 
Uranium  NA NA NA NA NA NA NA NA 

Process-Related Organics  (mg/L) 5 
TPH – diesel NA NA NA NA NA NA NA NA 
Benzene 0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025 
Ethylbenzene 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35 
Toluene 1.0 0.5 1.0 0.5 1.0 0.5 1.0 0.5 
Total Xylene 10 5 10 5 10 5 10 5 
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Table P-4.  Proposed Water Quality Parameters – Level 2 Monitoring 

Parameter POC Well #M31-LBF POC Well #M32-UBF POC Well #M33-UBF POC Well #P19-1-0 
 AQL  AL AQL  AL AQL  AL AQL  AL 

Common Ions  (mg/L unless otherwise noted) 
pH (field) (S.U.) 1 NA 6.4 – 8.1 NA 6.7 – 7.7 NA 6.6 – 7.8 NA 4.1 – 11 
Specific conductance (field) 
(µmhos/cm) NA NA NA NA NA NA NA NA 

Temperature (field, °C) NA NA NA NA NA NA NA NA 
pH (lab) (S.U.) NR NR NR NR NR NR NR NR 
Bicarbonate NA NA NA NA NA NA NA NA 
Calcium NA NA NA NA NA NA NA NA 
Carbonate NA NA NA NA NA NA NA NA 
Chloride NA NA NA NA NA NA NA NA 
Fluoride 4.0 1.3 4.0 1.1 4.0 1.4 4,0 2.8 
Magnesium NA 46 NA 92 NA 78 NA 12 
Nitrate as nitrogen 1 NA NA NA NA NA NA NA NA 
Nitrite as nitrogen  NA NA NA NA NA NA NA NA 
Potassium NA NA NA NA NA NA NA NA 
Sodium NA NA NA NA NA NA NA NA 
Sulfate NA 330 NA 494 NA 427 NA 107 
Total dissolved solids NA 1,665 NA 2,802 NA 2,566 NA 767 
Cation/anion balance NA NA NA NA NA NA NA NA 

Formation-Related Metals  (mg/L) 
Aluminum NA 0.71 NA 0.71 NA 0.71 NA 0.71 
Antimony 0.006 0.005 0.006 0.005 0.016 NA 0.006 0.005 
Arsenic 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 
Barium 2.0 1.0 2.0 1.0 2.0 1.0 2.0 1.0 
Beryllium 0.004 0.0032 0.004 (1.0032 0.004 0.0032 0.004 0.0032 
Cadmium 0.005 NA 0.040 NA 0.040 NA 0.005 NA 
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Table P-4.  Proposed Water Quality Parameters – Level 2 Monitoring 

Parameter POC Well #M31-LBF POC Well #M32-UBF POC Well #M33-UBF POC Well #P19-1-0 
 AQL  AL AQL  AL AQL  AL AQL  AL 

Chromium (total) 0.10 0.061 0.10 0.061 0.10 0.061 0.10 0.061 
Cobalt NA 0.005 NA 0.005 NA 0.005 NA 0.005 
Copper NA 0.51 NA 0.51 NA 0.51 NA 0.51 
Iron NA 2.2 NA 2.2 NA 2,2 NA 2.2 
Lead 0.05 0.026 0.05 0.026 0.05 0.026 0.05 0.026 
Manganese NA 0.22 NA 0.22 NA 0.22 NA 0.22 
Mercury 0.002 0.0011 0.002 0.0011 0.002 0.0011 0.002 0.0011 
Nickel 0.10 0.08 0.10 0.08 0.10 0.08 0.13 NA 
Selenium 0.05 0.027 0.05 0.027 0.05 0.027 0.05 0.027 
Thallium 0.024 NA 0.002 NA 0.002 NA 0.024 NA 
Zinc NA 2.5 NA 2.5 NA 2.5 NA 2.5 

Formation-Related Radiochemicals  (pCi/L)  
Gross Alpha 2 NA 15 NA 15 NA 15 NA 15 
Adjusted Alpha  3 15 NA 15 NA 15 NA 15 NA 
Radium 226 + 228 4 5 4 5 4 5 4 5 4 
Uranium  NA NA NA NA NA NA NA NA 

Process-Related Organics  (mg/L) 5 
TPH – diesel NA NA NA NA NA NA NA NA 
Benzene 0.005 0.0025 0.005 0.0025 0.005 0.0025 0.005 0.0025 
Ethylbenzene 0.7 0.35 0.7 0.35 0.7 0.35 0.7 0.35 
Toluene  1.0 0.5 1.0 0.5 1.0 0.5 1.0 0.5 
Total Xylene  10 5 10 5 10 5 10 5 
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Table P-4.  Proposed Water Quality Parameters – Level 2 Monitoring 

Parameter POC Well #019-GL POC Well #P49-0 POC Well #049-GL POC Well #M52-UBF 
 AQL  AL AQL  AL AQL  AL AQL  AL 

Common Ions  (mg/L unless otherwise noted) 
pH (field) (S.U.) 1 NA 4.5 – 11 NA 5.9 – 9.2 NA 5.4 – 9.7 NA TBD 
Specific conductance (field) 
(µmhos/cm) NA NA NA NA NA NA NA NA 

Temperature (field, °C) NA NA NA NA NA NA NA NA 
pH (lab) (S.U.) NR NR NR NR NR NR NR NR 
Bicarbonate NA NA NA NA NA NA NA NA 
Calcium NA NA NA NA NA NA NA NA 
Carbonate NA NA NA NA NA NA NA NA 
Chloride NA NA NA NA NA NA NA NA 
Fluoride 4.0 1.4 4.0 2.0 4.0 1.0 TBD TBD 
Magnesium NA 17 NA 6.2 NA 18 NA TBD 
Nitrate as nitrogen 1 NA NA NA NA NA NA NA NA 
Nitrite as nitrogen  NA NA NA NA NA NA NA NA 
Potassium NA NA NA NA NA NA NA NA 
Sodium NA NA NA NA NA NA NA NA 
Sulfate NA 99 NA 181 NA 159 NA TBD 
Total dissolved solids NA 770 NA 801 NA 849 NA TBD 
Cation/anion balance NA NA NA NA NA NA NA NA 

Formation-Related Metals  (mg/L) 
Aluminum NA 0.71 NA 0.71 NA 0.71 NA TBD 
Antimony 0.006 0.005 0.006 0.005 0.006 0.005 TBD TBD 
Arsenic 0.05 0.026 0.05 0.026 0.05 0.026 TBD TBD 
Barium 2.0 1.0 2.0 1.0 2.0 1.0 TBD TBD 
Beryllium 0.004 0.0032 0.0053 NA 0.004 0.0032 TBD TBD 
Cadmium 0.005 NA 0.040 NA 0.040 NA TBD TBD 



CURIS RESOURCES (ARIZONA) INC. 
APPLICATION TO AMEND UIC PERMIT NO. AZ396000001 

ATTACHMENT P – MONITORING PROGRAM 
 

 
16 

Table P-4.  Proposed Water Quality Parameters – Level 2 Monitoring 

Parameter POC Well #019-GL POC Well #P49-0 POC Well #049-GL POC Well #M52-UBF 
 AQL  AL AQL  AL AQL  AL AQL  AL 

Chromium (total) 0.10 0 061 0.10 0.061 0 10 0.061 TBD TBD 
Cobalt NA 0.005 NA 0.005 NA 0.005 NA TBD 
Copper NA 0.51 NA 0.51 NA 0.51 NA TBD 
Iron NA 2.2 NA 2.2 NA 2.2 NA TBD 
Lead 0,05 0,026 0,05 0.026 0.05 0.026 TBD TBD 
Manganese NA 0.22 NA 0.22 NA 0.22 NA TBD 
Mercury 0.002 0.0011 0.002 0.0011 0.002 0.0011 TBD TBD 
Nickel 0.10 0.08 0.10 0.08 0.10 0.08 TBD TBD 
Selenium 0.05 0.027 0.05 0.027 0.05 0.027 TBD TBD 
Thallium 0.002 NA 0.024 NA 0.002 NA TBD TBD 
Zinc NA 2.5 NA 2.5 NA 2.5 NA TBD 

Formation-Related Radiochemicals  (pCi/L)  
Gross Alpha 2 NA 15 NA 15 NA 15 NA TBD 
Adjusted Alpha  3 15 NA 15 NA 15 NA TBD NA 
Radium 226 + 228 4 5 4 5 4 5 4 TBD TBD 
Uranium  NA NA NA NA NA NA NA NA 

Process-Related Organics  (mg/L) 5 
TPH - diesel NA NA NA NA NA NA NA NA 
Benzene 0.005 0.0025 0.005 0.0025 0.005 0.0025 TBD TBD 
Ethylbenzene  0.7 0.35 0.7 0.35 0.7 0.35 TBD TBD 
Toluene 1.0 0.5 1.0 0.5 TBD 0.5 TBD TBD 
Total Xylene 10 5 10 5 10 5 TBD TBD 
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Table P-4.  Proposed Water Quality Parameters – Level 2 Monitoring 

Parameter POC Well #M53-UBF    
 AQL  AL AQL  AL AQL  AL AQL  AL 

Common Ions  (mg/L unless otherwise noted) 
pH (field) (S.U.) 1 NA TBD       
Specific conductance (field) 
(µmhos/cm) NA NA       

Temperature (field, °C) NA NA       
pH (lab) (S.U.) NR NR       
Bicarbonate NA NA       
Calcium NA NA       
Carbonate NA NA       
Chloride NA NA       
Fluoride TBD TBD       
Magnesium NA TBD       
Nitrate as nitrogen  NA NA       
Nitrite as nitrogen  NA NA       
Potassium NA NA       
Sodium NA NA       
Sulfate NA TBD       
Total dissolved solids NA TBD       
Cation/anion balance NA NA       

Formation-Related Metals  (mg/L) 
Aluminum NA TBD       
Antimony TBD TBD       
Arsenic TBD TBD       
Barium TBD TBD       
Beryllium TBD TBD       
Cadmium TBD TBD       
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Table P-4.  Proposed Water Quality Parameters – Level 2 Monitoring 

Parameter POC Well #M53-UBF     
 AQL  AL AQL  AL AQL  AL AQL  AL 

Chromium (total) TBD TBD       
Cobalt NA TBD       
Copper NA TBD       
Iron NA TBD       
Lead TBD TBD       
Manganese NA TBD       
Mercury TBD TBD       
Nickel TBD TBD       
Selenium TBD TBD       
Thallium TBD TBD       
Zinc NA TBD       

Formation-Related Radiochemicals  (pCi/L)  
Gross Alpha 2 NA TBD       
Adjusted Alpha  3 TBD NA       
Radium 226 + 228 4 TBD TBD       
Uranium  NA NA       

Process-Related Organics (mg/L) 5 
TPH - diesel NA NA       
Benzene TBD TBD       
Ethylbenzene  TBD TBD       
Toluene TBD TBD       
Total Xylene TBD TBD       

Note:  Curis Arizona will use the applicable analytical methods described in Table I of 40 CFR 136.3, or SW-846, Test Methods for Evaluating Solid Wastes – Physical/Chemical Methods, or in 
certain circumstances, other methods that have been approved by the EPA Administrator. 
1 First value is lower limit, second is upper limit.   
2 Gross alpha excludes radon and uranium.   
3 Adjusted gross alpha includes radium-226 but excludes radon-222 and total uranium.   
4 Radium 226 and radium 228 will be analyzed in all samples and uranium will be analyzed if the gross alpha particle activity exceeds 15 pCi/L..  
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Table P-4.  Proposed Water Quality Parameters – Level 2 Monitoring 
5 Any organic constituent not listed in the table shall be listed if a MCL has been established for that organic constituent and if the organic constituent is detected in injectate solution.  Alert Levels 
for individual organic constituents will be set at one-half the AWQS until such time that sufficient data have been collected to establish site-specific Alert Levels. 
109 179 – Proposed amendment 

°C – degrees Celsius 

µmhos/cm – micromhos per centimeter 

AL – Alert Level, defined at Part II.F.2(c). 

AQL – Aquifer Quality Limit, defined at Part II.F2(d). 

mg/L – milligrams per liter 

NA – Not Applicable: Shall be measured and reported but no contingency level shall be established. 

NR – Not Required: Laboratory measurements may be made but are not considered valid unless the 15-minute hold time is met. 

pCi/L – picoCuries per liter 

POC – Point of Compliance 

S.U. – Standard Unit 

TBD – To Be Determined: To be determined and approved by the Director for new POC wells, M52-UBF and M53-UBF, prior to commencement of Phase 2 (Commercial) operations.   
           (Note: “TBD” for TPH Diesel, which is proposed to be deleted, would require AL and AQL to be set before commencing injection.) 
TBP – To Be Proposed: Existing values are shown, but studies are underway to develop proposed modifications of upper Alert Levels for pH for existing POC wells, M21-UBF and  
          M29-UBF. 
TPH – Total Petroleum Hydrocarbons. 
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Table P-5.  Monitoring Schedule for the 31 POC Wells at the Florence Copper Project 

Time Period • 
Water Quality 
Parameters Sampling Frequency 

From January 2011 
through the Phase 2 

commercial operations of 
the Florence Copper 

Project  

Level 1 At least once per quarter 

Level 2 At least once every 2 years 

Post-Closure 
Level 1 At least once per quarter for the first two years after closure  

and then annually thereafter 
Level 2 At least once every 2 years 

Note: Level 1 and Level 2 Water Quality Parameters are defined in Part II.F.2 of this permit.  
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Q.1 Introduction 

This Attachment Q has been prepared in support of an application (Application) by Curis Resources 
(Arizona) Inc. (Curis Arizona) to the United States Environmental Protection Agency (USEPA) to transfer, 
with amendments, Underground Injection Control Class III (Area) Permit No. AZ396000001 (UIC Permit) 
from Florence Copper Inc. to Curis Arizona.   

Curis Arizona is submitting this Application so it may proceed with the development of an in-situ copper 
recovery (ISCR) project, referred to as the Florence Copper Project (FCP).  As required for Attachment Q 
under USEPA Form 7520-6, this attachment describes the plan for plugging and abandonment of the 
proposed Class III wells for the FCP, and the proposed corrective action for existing and planned wells and 
coreholes on the FCP site.  This attachment also represents the corrective action Curis Arizona will undertake 
to plug and abandon wells and coreholes as identified in Attachment C of this Application.   

This plan is based on an existing Well Abandonment Plan prepared by BHP Copper Inc. (a former owner of 
the FCP) and which is included as Appendix C in the UIC Permit.  It has also been prepared to be consistent 
with the proposed Closure and Post-Closure Plan submitted as Attachment 16 to Curis Arizona’s related and 
concurrent application to the Arizona Department of Environmental Quality (ADEQ) to amend Aquifer 
Protection Permit No. 101704 (APP).   

Q.1.1 Applicability 

This plugging and abandonment plan is applicable to both proposed Class III wells and all other wells and 
coreholes within the permitted ISCR area, and the associated Area of Review (AOR) located at the FCP site, 
1575 West Hunt Highway, Florence, Arizona 85132.  This is because the proposed corrective action for all 
wells and coreholes within the AOR is to plug and abandon them using the same standards as will be applied 
to abandonment of Class III wells.  The AOR is defined in Attachment A of this Application as a 500-foot 
zone around the permitted ISCR area.   

Q.1.2 Objectives 

The objectives of the plugging and abandonment plan are to ensure that wells and coreholes will be plugged 
and sealed in a manner that will prevent the migration of injected fluids into or between underground sources 
of drinking water (USDWs), and to ensure compliance with the applicable requirements of the Arizona 
Department of Water Resources ([ADWR], including Arizona Administrative Code [A.A.C.] R12-15-816 
[Abandonment], Arizona Revised Statutes [A.R.S.] § 45-402 et seq., and ADWR Well Abandonment 
Handbook) and the USEPA (40 Code of Federal Regulations [CFR] 146.10 [Plugging and Abandoning 
Class I-V Wells]).   

Q.1.3 Hydrogeologic Setting 

The saturated geologic formations underlying the FCP site have been divided into three distinct water-bearing 
hydrostratigraphic units referred to as the Upper Basin Fill Unit (UBFU), Lower Basin Fill Unit (LBFU), and 
the Oxide Bedrock Unit.  The UBFU and LBFU are separated by a thin, regionally extensive aquitard referred 
to as the Middle Fine-Grained Unit (MFGU).  The injection and recovery wells will be completed in the 
Oxide Bedrock Unit, the uppermost zone of the bedrock complex underlying the FCP site.   

Q.1.4 Overview of ISCR Operation 

The permitted ISCR area will be subdivided into discrete resource blocks (or “blocks”).  Multiple blocks will 
be joined to form operational units (or “units”).  The units will be sized to achieve an efficient use of 
operational resources, taking into account the thickness of the target oxide zone, the grades of ore within the 
zone, and the need to minimize the withdrawals of groundwater.  ISCR operations will be conducted 
sequentially, unit-by-unit, until copper content in the oxide zone has been depleted below economically-
recoverable values. 
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Each block will be prepared for ISCR operations through a three-step process that includes: (a) the 
abandonment of existing wells (except Class III wells and monitoring wells) and coreholes within the block 
and within 500 feet of the nearest injection well; (b) the installation of injection, recovery and observation 
wells as required; and (c) the installation of ancillary facilities such as pipelines, tanks, roads, and power lines. 

ISCR operations within a given unit will consist of the injection of a dilute sulfuric-acid solution (injectate 
solution or lixiviant) into a pre-defined interval of the oxide zone to dissolve copper and to recover the 
resulting copper-bearing solution.  If necessary, the recovered solution may be re-acidified and re-injected (or 
“stacked”) to enrich the copper concentration in solution.  When copper concentration meets a desired grade, 
the solution (pregnant leach solution [PLS]) will be conveyed via an above-ground pipeline to a solvent 
extraction/electrowinning (SX/EW) plant for processing. 

Once copper concentrations in recovered solutions decline to a level indicating depletion of the ore, closure 
will begin by replacing the volume of lixiviant injected into the oxide zone with fresh groundwater.  Closure 
will continue with the injection of fresh groundwater.  Depending on copper content, solutions produced 
during closure operations will be withdrawn through the recovery wells and conveyed to the SX/EW plant 
for processing, or re-acidified and re-injected into the unit from which the PLS was produced or into a 
different unit, or conveyed via a neutralization circuit to one of the proposed water impoundments.  

Flushing of the oxide zone will be discontinued and the block will be provisionally considered to be closed 
once constituent concentrations in the groundwater in the flushed zone meet the closure criteria specified in 
the UIC Permit and the related APP.  Not more than two years following the provisional closure of a 
resource block, all wells and coreholes within the block will be abandoned in accordance with the procedures 
outlined in this plan. 

Q.2 Licenses, Notifications and Approvals 

Q.2.1 Licensed Drillers 

Abandonment procedures are described in Section Q.3 and will only be performed by well drillers licensed by 
the ADWR pursuant to A.R.S. § 45-595(B), or under the direction of such licensed well drillers. 

Q.2.2 Abandonment Notification and Authorization 

Curis Arizona will convey notice of intent to abandon a well or corehole to ADWR using Form 55-38 (Notice 
of Intent to Abandon a Well) approximately 30 days prior to the planned commencement of abandonment 
activities for a well or corehole.  Form 55-38 will include information describing the location, type, and 
construction of the well or corehole, and the proposed plugging or abandonment method. 

In addition and for Class III wells only, Curis Arizona will convey the proposed abandonment materials and 
method to USEPA on Form 7520-14 (Plugging and Abandonment Plan) approximately 60 days prior to the 
planned abandonment. 

Once ADWR has approved the abandonment method and materials identified on ADWR Form 55-38, 
ADWR will issue authorization to the driller to commence with the proposed abandonment.  Authorization 
from ADWR will be in the form of a “well abandonment card” issued to the licensed driller.  No well or 
corehole will be abandoned on the FCP site unless the driller has received a well abandonment card, issued by 
the Director of the ADWR, authorizing the abandonment of the specific well or corehole. 

Q.3 Well and Corehole Abandonment Procedures 

The standard abandonment procedure will be to completely fill the well or corehole with an appropriate 
sealing material, with some variation depending on the type, condition, and total depth of the well or 
corehole.  Their condition and depth will vary.  Abandonment will be considered complete when all 
applicable sealing steps set forth in Section Q.3.3 below have been completed or have been found 
unnecessary.   
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Q.3.1 Well or Corehole Preparation 

The following tasks will be performed to prepare wells for effective sealing.  

a. Locate and Inspect Well or Corehole:  The well or corehole will be located using available survey 
coordinates.  The condition and location of the well or corehole will be recorded.  If the well or 
corehole is not visible from the surface, the area will be excavated to locate the collar of the corehole 
or expose the surface casing of the well.   

b. Move in Workover Rig:  A workover rig, capable of performing the required abandonment 
operations at the required depths will be moved in and set up over the well or corehole.   

c. Equipment Removal:  All pumps, tubing, wiring, and ancillary equipment within the well will be 
removed prior to abandonment of the well.  Coreholes do not have such equipment. 

d. Perforations:  If records demonstrate that a well annulus is inadequately sealed and its casing is not 
removed, the casing will be perforated to allow installation of cement grout in the annulus.  If 
necessary and the casing extends that distance, perforations will extend at least 20 feet below the 
bedrock-LBFU contact to at least 20 feet above the contact; from at least 20 feet below the base of 
the MFGU to at least 20 feet above the top of the MFGU, and from 25 feet below ground surface 
(bgs) to 2 feet bgs.  In areas where agriculture is a possible post-closure land use, the casing will be 
cut and removed to a depth of at least 5 feet bgs. 

e. Cleaning:  Wells and coreholes will be cleaned out if necessary to a depth of at least 100 feet below 
the bedrock-LBFU contact to enable proper placement of cement seals.  This will be accomplished 
by installing a workstring of tubing and circulating or drilling, or performing other remedial work as 
required to clean the well or corehole to the required depth. 

f. Equalization of Wellbore Fluids:  After cleaning the well or corehole, wellbore fluids (bentonite mud) 
may be circulated and treated as necessary to achieve equilibrium and stabilize the hole. 

Q.3.2 Equipment and Materials 

The following material and equipment will be used in sealing wells and coreholes according to the procedure 
described in Section Q.3.3 if required to make proper seals. 

a. Cement Grout:  All cement grout will consist of Type V cement, or approved equivalent. 

b. Mechanical Plugs:  A mechanical bridge plug will be set at the base of the interval to be cemented off 
if it is not at the bottom of the well or corehole.  This will prevent migration of the cement plug 
below the interval to be cemented and sealed. 

c. Cement Plugs:  Cement plugs will consist of Type V cement grout or approved equivalent. 

d. Cement Retainer:  If cement grout is to be installed in the annulus behind perforated casing, a 
cement retainer will be set above the top perforation prior to pumping cement grout into the 
perforated interval that has been isolated by the cement retainer. 

e. Workstring:  A workstring of small diameter pipe or tubing will be used for the placement of cement 
grout and plugs. 

Q.3.3 General Procedure for Sealing Wells and Coreholes 

The following procedure will be used to seal each well or corehole:  

a. If the surface casing is loose at ground surface, an attempt will be made to remove it.  If removal of 
the casing is not feasible, it will be left in the hole and perforated as needed to allow an annular seal 
to be placed to a depth of 20 feet bgs.  In areas of agricultural use, the surface casing will be cut at 
least 5 feet bgs and removed. 
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b. A tremie pipe will be used to place Type V cement in the open well or corehole from the bottom of 
the hole to the top of the hole.  Cement retainers, as described above, will be used to force cement 
grout into the annulus behind perforated intervals, as necessary. 

c. If the hole has been obstructed, cement will be placed as much as possible from at least 100 feet 
below the LBFU-bedrock contact to the top of the hole. 

d. The volume of Type V cement will be recorded, and will not be less than the estimated volume of 
material required to fill each interval. 

Q.3.4 Procedures for Special Circumstances 

The following procedures will be completed for special circumstances, as indicated. 

a. Seal of Perched Aquifer:  If cascading water is encountered during preparation for abandonment, the 
well casing in the target area will be perforated, isolated with cement plugs, and Type V cement will 
be used to seal the annulus around the perched layer.  

b. Injection Wells:  Injection wells plugged and abandoned in accordance with the procedures specified 
above will be deemed to have been plugged and abandoned in accordance with the provisions of 
40 CFR 146.10.  Therefore, Curis Arizona will comply with the procedures specified above to ensure 
that any deviation from the above procedures will not violate the provisions of 40 CFR 146.10. 

Q.4 Documentation and Reporting 

Following completion of plugging and abandonment, reports will be recorded and filed, as described below. 

Q.4.1 Reporting Responsibilities 

The licensed driller or supervised designate will maintain a log of all abandonment activities.  The log will be 
of sufficient detail that the driller will be able to complete all ADWR requirements and all abandonment 
reports to USEPA.  The driller will sign all ADWR abandonment forms.  The authorized Curis Arizona 
representative will sign all narrative abandonment reports submitted to the ADWR and all abandonment 
reports to USEPA. 

Q.4.2 Reports to ADWR 

The licensed driller will complete and sign a Well Abandonment Completion Report (ADWR Form 55-58) and 
submit it to ADWR within 30 days following abandonment.  The form will update the information provided 
on ADWR Form 55-38 above, including updated information on the treatment, materials and methods used 
for abandoning the well.  Curis Arizona will complete and sign a Well Owner’s Notification of Abandonment 
(ADWR Form 55-36) and submit it to ADWR within 30 days following abandonment. 

Q.4.3 Reports to USEPA 

Within 60 days after plugging and abandoning a well or corehole or at the time of the next quarterly report 
due to the USEPA (whichever is less), Curis Arizona shall submit a report to the Regional Administrator of 
USEPA.  If the quarterly report is due less than 15 days before plugging and abandonment is completed, then 
the report will be submitted within 60 days.  The report will be certified as accurate by the licensed driller who 
performed the plugging and abandonment procedures.   

The report will consist of either: 
• A statement that the well or corehole was plugged and abandoned in accordance with the plan previously 

submitted to the Regional Administrator; or 
• An updated version of the plan on Form 7520-14, specifying differences if the actual plugging or 

abandonment differed from the plan previously submitted.  
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Q.4.4 Reports to ADEQ 

Curis Arizona will include in its quarterly APP monitoring report to ADEQ a summary noting the 
identification number of each well or corehole for which abandonment was completed during the reporting 
period, the date that the abandonment was completed, and the location and resource block number in which 
the well or corehole was located. 

Q.4.5 Maintenance of Records 

Copies of all completed and required abandonment report forms, plans and narratives required by ADWR or 
USEPA will be maintained at the FCP facility for inspection until closure is completed.  After 
commencement of post-closure, the records will be stored by Curis Arizona, subject to review by USEPA 
and ADEQ, until post-closure is completed. 
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R.1 Introduction 

This Attachment R has been prepared in support of an application (Application) by Curis Resources 
(Arizona) Inc. (Curis Arizona) to the United States Environmental Protection Agency (USEPA) to transfer, 
with amendments, Underground Injection Control Class III (Area) Permit No. AZ396000001 (UIC Permit) 
from Florence Copper Inc. to Curis Arizona.  

This Attachment refers to financial assurance information for the USEPA to consider, in accordance with 
Section 144.52(d)(7) of the UIC Program, Code of Federal Regulations (CFR) 40 144 et seq.; specifically, 
evidence to verify that Curis Arizona has the financial resources necessary to close, plug, and abandon wells 
and coreholes regulated by the UIC Permit and located on Curis Arizona’s Florence Copper Project (FCP) 
site. 

R.1.1 Basis of the Financial Assurance 

The information in this Attachment R is based on current (January 2011) closure and post-closure cost 
estimates that Curis Arizona has prepared for two proposed phases of FCP operations:  Phase 1 (pilot-scale 
Production Test Facility [PTF]) and Phase 2 (full-scale commercial facility).  Curis Arizona has prepared the 
estimates to support its concurrent application to the Arizona Department of Environmental Quality 
(ADEQ) to amend Aquifer Protection Permit No. 101704 (APP, and APP Application).  The estimates are 
detailed in Attachment 3 of the APP Application and summarized in Item 14 of the ADEQ Aquifer 
Protection Program Permit Amendment Form (Form, GWS 102 [Rev. September 8, 2010).   

The estimates presented in this attachment are for the closure of injection wells in the FCP’s in-situ copper 
recovery (ISCR) area only.  Two estimates are provided:  Tables R-1 and R-2 detail the closure of injection 
wells for Phase 1 and Phase 2, respectively.  The costs for other closure operations, such as restoring 
groundwater or decommissioning piping, tanks, or other ISCR infrastructure, are described in Attachment 3 
of the APP Application.  The entire APP Application, which includes the Form, is enclosed with this 
Application as reference.  Please refer to Attachment 3 of the APP Application for more information about 
these estimates.   

R.1.2 Contents of the Financial Assurance 

Curis Arizona warrants that demonstrating financial assurance suitable for Phase 1 and Phase 2 facility 
closure, as required for the APP and described in the APP Application, is also suitable for demonstrating 
financial assurance for well closure as required by the USEPA for this Application.  As described in 
Exhibit 4A in Attachment 4 of the APP Application, Curis Arizona will be submitting an insurance policy as 
the financial assurance mechanism.  Documentation pertaining to Curis Arizona’s financial assurance and the 
proposed mechanism are referenced in Item 15 in the Form and described in Attachment 4 of the APP 
Application.  Please refer to those documents for more information.   

Curis Arizona will provide separate financial assurance to USEPA and ADEQ, if necessary.  However, the 
total combined financial assurance will be equal to the total closure cost estimate presented in Attachment 3 
of the APP Application. 
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S.1 Introduction 

This Attachment S has been prepared in support of an application by Curis Resources (Arizona) Inc. (Curis 
Arizona) to the United States Environmental Protection Agency (USEPA) to transfer, with amendments, 
Underground Injection Control Class III (Area) Permit No. AZ396000001 (UIC Permit) from Florence 
Copper Inc. (Florence Copper) to Curis Arizona. 

This Attachment S begins with some context by briefly describing the history of the original UIC Permit 
application and a subsequent amendment.  A description of USEPA permit requirements for Attachment S is 
then provided, followed by Curis Arizona’s proposal for some minor amendments to existing documents as 
follows:  1) to correct a typographical error describing the Aquifer Exemption zone; and 2) to update and 
clarify references in Part II.B of the UIC Permit.  With these proposed amendments, Curis Arizona is not 
requesting a change to the existing Aquifer Exemption, nor is Curis Arizona intending to request a new or 
expanded Aquifer Exemption zone.  As described in Section S.4.1, Curis Arizona is requesting a correction to 
a coordinate location in the existing Aquifer Exemption. 

S.2 Historical Context 

The USEPA originally issued the UIC Permit to BHP Copper Inc. (BHP Copper) on May 1 1997.  The UIC 
Permit was based on information submitted on January 19, 1996 by BHP Copper in its UIC Permit 
application to the USEPA and on BHP Copper’s subsequent responses to comments and requests made by 
USEPA during the application review process.  When the USEPA issued the UIC Permit, it also granted an 
“Underground Injection Control Aquifer Exemption for EPA Permit #AZ39600001” (Aquifer Exemption), 
designating the BHP Copper permitted area as exempt from provisions in the Safe Drinking Water Act as 
they pertain to protecting underground sources of drinking water (USDWs).  The Aquifer Exemption is 
included for reference in Exhibit S-1. 

The UIC Permit was amended on April 26, 2000 in response to Parts II.F.2 and II.F.3 in the original permit 
document that required groundwater monitoring to establish permit limits for Alert Levels, Aquifer Quality 
Limits, and baseline water quality characteristics for Point of Compliance (POC) wells located around the 
Aquifer Exemption zone.  The UIC Permit was subsequently transferred from BHP Copper to Florence 
Copper in December 2001.  None of the requirements of the UIC Permit were changed during the transfer 
process.  

S.3 Required Criteria for Exempted Aquifers 

Criteria for determining whether an aquifer qualifies as an “exempted aquifer” are listed under 40 Code of 
Federal Regulations (CFR) Sections 144.07 and 146.04.  The criteria applicable to the Aquifer Exemption 
issued to BHP Copper are listed under 40 CFR 146.04(a) and (b).  The criteria were evaluated during the 
USEPA review of BHP Copper’s 1996 Application and resulted in the granting of the Aquifer Exemption in 
1997.   

Curis Arizona is not aware of any change in aquifer conditions or planned operations that would require the 
Aquifer Exemption to be rescinded or its boundaries to be modified.  In that regard, Curis Arizona has 
recently completed a report entitled “NI 43-101 Preliminary Economic Assessment for the Florence Project, Pinal 
County, Arizona, USA”.  The report provides a broad range of information including the aquifer’s potential for 
economic mineral development as per requirements in 40 CFR Sections 144.07(c)(1) and 146.04(b)(1), and as 
required for this attachment.  The report provides data regarding the delineation of the in-situ copper recovery 
(ISCR) zone, general information on the mineralogy and geochemistry of the ISCR zone, the amenability of 
the in-situ process to recover copper from the ISCR zone, and a timetable for proposed development.   
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S.4 Proposed Amendments 

Curis Arizona’s amendments are proposed to correct and clarify references and wording in the UIC Aquifer 
Exemption document, and in parts of the UIC Permit that specifically refer to the Aquifer Exemption.  The 
proposed amendments are described below. 

S.4.1 Aquifer Exemption Document  

Proposed amendments to the Aquifer Exemption document are clerical corrections.   

Curis Arizona proposes an amendment to correct a typographical error in one of the lateral boundary 
coordinates (Point 13) that identify the lateral boundaries of the exemption zone.  The easting coordinate of 
Point 13 is listed as 649939.6 but should be 646939.6.  A comparison of the coordinates for Point 13 and 
adjacent points outlines the permitted in-situ area boundary and clearly indicates the error in the coordinate 
description for Point 13. 

In addition, if USEPA issues a new Aquifer Exemption document as part of the requested permit transfer 
and to correct the typographical error as above, Curis Arizona requests that the signature page of the 
document correctly refer to “Curis Resources (Arizona) Inc.” as the permittee (not “BHP Copper”, as in the 
1997 document), and that the project name be changed to “Florence Copper Project” from “Florence 
Project”. 

S.4.2 Part II.B of the UIC Permit 

Proposed amendments to Part II.B of the UIC Permit are to improve clarity and consistency in references 
and wording.   

Part II.B of the UIC Permit describes specific permit conditions for the Aquifer Exemption.  It includes 
information regarding the lateral and vertical boundaries of the exempted zone (Part II.B.1) and requirements 
to prevent migration into / between and to protect USDWs (Parts II.B.2, and II.B.3, respectively).   

Part II.B.1 only generally describes the exemption boundary and does not include coordinates, so there is no 
need to amend the text of Part II.B.1; however, Part II.B.1 does refer to two figures in Appendix A of the 
UIC Permit:  1) Figure 1 depicts a plan view of the “lateral aquifer exemption boundary and mine area”, and 
2) Figure 2 depicts the upper and lower vertical boundaries of the aquifer exemption area.  Both figures are of 
poor quality, so Curis Arizona is including improved figures (Figure S-1 and Figure S-2) with this attachment 
that USEPA may wish to include in a revised Appendix A of an amended UIC Permit. 

Part II.B.2 refers to “an approximate 15-year mine life.”  Curis Arizona requests that Part II.B.2 be amended to 
reflect a current expected mine life of 20 years.  

As currently written, Part II.B.3 requires that, “within 90 days after mining a zone…, the permittee shall adequately 
protect USDWs by restoring the exempted zone to ….”  This implies that restoration must be complete within 
90 days, which is inconsistent with plans submitted as part of BHP Copper’s 1996 Application and with 
associated closure provisions of Part II.I.1(a) of the UIC Permit.  Those provisions require the permittee to 
begin restoration within 90 days.   

To be consistent, therefore, Part II.B.3 should read that restoration of groundwater quality in an ISCR zone 
should begin within 90 days following cessation of mining in a zone.  Accordingly, Curis Arizona proposes 
that Part II.B.3 be amended by substituting the existing phrase “…. protect USDWs by restoring the exempted 
zone…” with the phrase “…. protect USDWs by beginning the restoration of the exempted zone….”  This minor 
change in wording will remove inconsistent language and clarify the intent for achieving a reasonable 
restoration timeline.  Additionally, Curis Arizona proposes substituting “ISCR area” for “mine area” because 
ISCR more accurately describes the proposed activities.  Activities typically associated with mines are not 
proposed for the FCP. 
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T.1 Introduction 

This Attachment T has been prepared in support of an application (Application) by Curis Resources 
(Arizona) Inc. (Curis Arizona) to the United States Environmental Protection Agency (USEPA) to transfer, 
with amendments, Underground Injection Control Class III (Area) Permit No. AZ396000001 (UIC Permit) 
from Florence Copper Inc. (Florence Copper) to Curis Arizona.   

As per the instructions for Attachment T under USEPA Form 7520-6, this attachment describes program 
and permit numbers of existing USEPA permits currently held by Florence Copper and to be transferred to 
Curis Arizona as part of its proposed Florence Copper Project (FCP).    

T.2 Existing EPA Permits 

The only USEPA permit for Curis Arizona’s proposed FCP is the UIC Permit and the associated Aquifer 
Exemption granted by the USEPA in May 1997 under the Underground Injection Control Program.  The 
Aquifer Exemption is discussed in Attachment S to this Application. 
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U.1 Introduction 

This Attachment U has been prepared in support of an application by Curis Resources (Arizona) Inc. (Curis 
Arizona) to the United States Environmental Protection Agency (USEPA) to transfer, with amendments, 
Underground Injection Control Class III (Area) Permit No. AZ396000001 (UIC Permit) from Florence 
Copper Inc. (Florence Copper) to Curis Arizona.   

This attachment provides a brief description of the business associated with Curis Arizona’s Florence Copper 
Project, which is to be conducted on the same property (Site) and for the same purpose for which the UIC 
Permit was originally issued. 

U.2 Description of Business 

Curis Resources Ltd. (Curis) is a mineral exploration and development company based in Vancouver, Canada 
and affiliated with Hunter Dickinson Inc. (HDI), a diversified, global mining company with a 25-year history 
of mineral development success.  Curis corporate offices are located at 1020 – 800 West Pender Street, 
Vancouver, British Columbia, Canada, V6C 2V6.  Curis is a publicly-traded company listed on the Toronto 
Stock Exchange under the symbol “CUV”.  The company has a broad international shareholder base and has 
more than adequate resources and support to finance and advance its business interests in the years ahead. 

Curis' principal asset is the Florence Copper Project (FCP) in central Arizona.  The FCP property hosts a 
429.5 million ton measured and indicated copper oxide resource grading 0.331% copper and containing 
2.84 billion pounds of copper (at a 0.05% copper cutoff grade).  The known mineral resources at FCP have 
excellent potential to support an in-situ copper recovery (ISCR) operation.  ISCR is a low-cost, 
environmentally sound process for extracting minerals from deposits not amenable to conventional mining.   

Curis Arizona (a wholly-owned subsidiary of Curis Resources Ltd.), acquired a 100% interest in the mineral 
and surface rights of the Site in February 2010.  Corporate offices for Curis Arizona are at 1575 West Hunt 
Highway, Florence, Arizona, 85132. 

Extensive geological, engineering, and pilot ISCR testwork undertaken by a previous Site owner, BHP 
Copper Inc., indicates that the FCP has the potential to be a low-cost copper producer with significantly 
lower capital requirements than conventional mining has.  Road, rail, power, and water infrastructure are all 
located in close proximity to the Site, which also features on-site administration offices and test facilities.  In 
addition, Curis Arizona believes there are a number of opportunities to enhance operational performance and 
production efficiencies at the FCP.  

Curis Arizona is advancing the FCP through the USEPA and Arizona Department of Environmental Quality 
permitting processes to authorize commercial-scale operations, and is conducting studies in preparation for 
starting a proposed Phase 1 pilot-scale Production Test Facility in early 2012, leading to full-scale commercial 
production in 2014.   

While in commercial production, the FCP is intended produce between 76 and 86 million pounds of pure 
copper cathode per year.   
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U.3 Standard Industrial Classification Code 

The FCP fits into two categories under the Standard Industrial Classification (SIC) system.  SIC is a system 
for classifying business establishments according to type of economic activity.  The SIC system was replaced 
by the North American Industry Classification System (NAICS) starting in 1997, but several business sectors 
can still be classified with SIC-based codes.  Both SIC and NAICS classify establishments by their primary 
type of activity.  The USEPA UIC Permit Application form (USEPA Form 7520-6, Rev. 12-08 [Form]) asks 
for the SIC codes in Item VII of the Form. 

The ISCR area falls within the SIC-1021 definition for mineral extraction, while the copper production plant 
(a solvent extraction/electrowinning technology for extracting copper from the ISCR process solutions) falls 
within the SIC-3331 definition for copper production.  Both SIC codes are included on the Form. 
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